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SEX DIFFERENCES IN SIMPLE SYLLOGISTICAL 
JUDGMENT+i 

Tsiiig IIua Ujuvet sity 


Han-Piao CriEN 


Introduction 

This cxpeiimontal study aims to find whethei theie is any signifi¬ 
cant sex difteience in simple syllogistical judgment lepiescnted by 
Thuistone’s Reasoning Test, Fonn B (8)* Special caic was taken 
to contiol the cxpenmcntci-subject sex iclationship and to tieat the 
iiiimeiical lesults by ligid statistical critciia 

Metliodologual Gonsideiatio7is It is obvious that the expen- 
mcntei has some influence on the behavioi and consciousness of sub¬ 
jects taking pait in anj^ expeiiment, In fact, this subjcct-expeiimcnter 
relationship is itself a psychological pioblem In the oithodox 
introspective experiment, wheic the obseivci gcneiallv has special 
tiaining, the expenmentci has i datively less cftecL upon the obsciver's 
behavioi, consciousness, and inliospections than in the behavioral 
cxpeiimcnts, wheic veiy little technical tiaining is lequiied of cithci 
the cxpeiimentei oi the subject The cxpeiimentei is oftentimes a 
pait of tile cxpenmental situation Subjects, especially naive ones, 
icact not only to the paiticulai expcnniental set-up but also, perhaps 
piimaiily, to the cxpeiimentei as well It is impoiUnt that any ex¬ 
pel iment in sex difteicnce must take account of the sex of t!ie expeii- 
mcntci One pcitinent ciiticisin of most leseaichcs on sex difterence 
in the past is that they weic conducted exclusively by cither a male 
or a female cxpeiimentei on subjects oi obseivcis of botli the same 
and the opposite sexes 

It IS well Icno'nn in hj^pnosis that ia/>pofi must be maintained 
between the hvpnotizer and the hypnotized, and, in laboiatoiy expcii- 
ments on normal subjects, the attitude of the subject towaid the 
expciiment itself also aftects the lesults gieatly, but veiy few in- 
vcstigatoiS noticed the impoitance of the attitude of subjects towaid 

’^Received in the Editoual Office on Mav 28, 1935 

This study was diiected b> Siegen K Chou 
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tKe experimented It seems to the present \viiters that in any psycho¬ 
logical cxpciiincnt, the individual experiment especially, the lesiiltof 
a group of female subjects under the conduction of a male experi¬ 
menter may diftcr greatly from that luidei a female cxpcrimcntei, and 
vice versa. Since the expcrimentci is a pait of the cxpciimcntal 
situation, by which the subject may possibly be stimulated, it is 
reasonable to believe that the attitude of female subjects toward the 
male experimenter would be dUfeicnt fioin that toward the female 
experimenter. It is hoped that the special precaution of using one 
male experimenter in this experiment to conduct the test on 27 male 
subjects and a female experimenter on 27 female subjects may meet 
this obvious, but neglected, objection in the sex-eliffeicnee cxpeiiment. 
It must be pointed out, howevet, that this expcrimentci-sex control 
IS assumed to be more significant than the avoidance of an ccjually 
obvious individual diffcience in the change of an cxpenmentci. 

Rehabihly of Sex Difference* Bonscr in 1910, as reported bv 
Fisher (4), tested 385 boys and 372 gills and found that tlie median 
score of the reasoning ability tests of the bovs was 165 83 while that 
of the girls was 159,25 The diflEcrcnce between the sexes was 6,83 
in favor of the boys Gates (6) reported his results of investigations 
on college students In all cases, men excel women about 2.0, 3.1 
and 0.8 per cent dining the tluee years, icspectEvicly, Lowe and 
Shimbcrg (2) had tested 529 males and 600 females and obtained 
norms lor pupils from the 7th to 12th grades. They used Thur- 
stone^s Syllogisms Testj which was similar but much simplci than the 
same author’s Reasoning Tesi^ Fonn A, used by us in anothci in¬ 
vestigation Fiom Lowe and Sliimberg’s icsult, Bionjiei, Hcalyi 
Lowe, and Shimberg concluded that “the diffcience between the 
sexes, however, is rather sti iking In the syllogisms test tlieic is a 
reliable diffcience between girls and boys at cveiy giadc from seven 
to twelve in favor of the boys “ Brigham (1) had also reached the 
same conclusion that “the compaiison of seventh and eighth grade 
boys and giils shows slight sex diffeiences m f.avoi of the boys/’ 
Recently, Maier (7), in studying human leasoning, also icached 
the same conclusion that women were maikedly iiifcnoi to men in 
problem-solving iibility. 

On the other hand, Dale concluded, after companng the test re¬ 
sults of boys and girls in the mixed classes taught by women, boys 



IIAN-PI40 CHEN 


5 


taught by men, and guls taught by women, that "there is no steady 
sex difference levealed, hut merely an indication of the better develop¬ 
ment of leasoning power in boys taught by men than in giils taught 
by women (3) So far as the geneial results arc concerned, it 
seems that there is some sex diffeiencc in leasonmg ability. How¬ 
ever, is this slight diffeience in icasonmg tests between men and 
women reliable accoiding to rigid statistical critena? Bionnei, 
Healy, Lowe, and Shimberg did not give us any concrete data about 
the so-called "telmble difference between gvh and boys" (2), nor did 
the otlier investigators give us suflicient data for the calculation of the 
reliability of their diffeienccs, hence, it is difficult for us to believe, 
01 not to believe, that the above-reported diflfeiences are statistically 
significant 

In the tieatment of results repotted in this cxpeiiment, we ap¬ 
plied critical-iatio technique rigidly to oiii data and have diawn 
only conseivativc conclusions for this paiticulai mental peiformance 
of syllogistical judgment 


The Experiment 

Material and Apparatus The Thuistone Reasoning Test, Form 
5 was translated into Chinese foi the piesent cxpeiiment of 32 
syllogisticai aiguraents, which deal with the simple “tall-shoit” rela¬ 
tionship among three persons, whose actual relative height lelation- 
ship IS diffeicnt from argument to argument For example, in one 
argument. Brown may be said to be tallei dian Jones and shoiter 
than Smith, while, in anothei. Blown may be shoitei than both 
Jones and Smith, and still, in another, Biown may be tallci than 
both Jones and Smitli,^ 

The Alber’s Optical Stimulus Apparatus w.is used for the expo¬ 
sure of the svllogistical aigumeiits, which were written on separate 
stimulus-caids In fiont of the appaiatus there is a window which 
can be opened or closed by the expeiimentei at will Behind that 
window theie is a box which contains all the stimulus-caids When 
the shutter is opened, the fiist stimulus-cai d can be seen by the sub¬ 
ject through the window The stimulus-card will be covered up 
y the meta l plate shuttei as soon as it is read The next operation 

“Chinese surnnmes were used in place of the English names 
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opens the wndow nnd makes the fiist sticnulus-caid fall down to the 
table, while, at the same time, the next stimuliis-caid will appear in 
the window In icpcaLing these opeiations (opening and closing 
the window), the stimulus-cards will be shown one by one to the 
subject m succession 

Procedwe The experiment was pci formed uiidei the individual 
laboratoiy situation in a small, quiet, wcU-lighted room. During 
the test, thcic weie only an expcrimcntci and a subject in the laboia- 
tory The subject sat on an adjustable chan, tlie height of whicli 
might be regulated so that the subject felt comfortable and, at the 
same time, might easily sec the window of the cxposuic apparatus 
on the table, On the othei side of the table, thcic was a seat foi 
the experimenter This made the expcrimcntci and the subject sit 
face to face, But between them there was Albci's Optical Stimulus 
Appaiatus, which was sufficiently high to obstruct then eyesight so 
that neither could see the othei’s facial cxpicssions. Besides opening 
and closing the window foi the exposure of the diffcient arguments, 
the expcnnicnter also iccorded the time and answer of each judg¬ 
ment Nothing was said by the cxpenmcntci about the nature o( 
the cxpciimcnt After the stimiilus^cards had been inserted into 
the box of the apparatus and tlie subject’s height had been adjusted 
to the table, the following typcwiittcn English instiactions wcic 
given 


Please lead the following instructions and do exactly what 
you are told to do You may ask the expeiimentci any ques¬ 
tion before the expenmciu, but do not ask any question when 
the expenmem has already started. 

This is an experiment on reasoning It is also a test of con- 
ccntiation You will be shown, through the oblong window 
in the machine in front of you a series of thirty two arguments 
in Chinese in the form of syllogisms of the very simple soit 
Sonne of these arguments have true conclusions and some have 
false conclusions Each argument will be exposed thiough the 
window as long as you need for reaching a decision as to its 
truthfulness or falsehood As soon as you reach a decision 
as to the truthfulness or falsehood of the argument, lespond 
immediately by saying in Chinese Day (right) or Boday 
(wrong), Your leasoning response time will be registered by 
a stop-watch. 
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Immediately after leasoning, please write down >oiir intro¬ 
spection about aiguments or situations 
The cxpcrirncmer will say ‘‘Ready!’* and then, after one 
second, the window of the machme will open to expose the 
argument for you to read Please work as lapidly as you can 
without making mistakes 

Scoiift^, Time and ciroi in judging each argument ts tieatcd 
separately ui this lepoit An cnor ts counted whcnevei the subject 
judged the light conclusion as wiong oi the wrong conclusion as 
light The time in seconds for judging each argument was regis¬ 
tered by a stop-watch 

Subjects and Expon?ienten Subjects weie secured by personal 
appioach Altogether, wc tested 57 subjects on Thurstonc Reason¬ 
ing Tesij Fonn B Twenty-seven college men and three college 
women^ were tested by a male expeiimcnter, Mi Han-Piao Chen, 
while the other 27 college women wcie tested by a female experi¬ 
menter, Miss Laura Chao, who also made a pieliminary repoit of the 
lesults in the senioi author^s seminar The male experimenter was 
an assistant in psychology and the female expeiimentei a junior in 
psychology The female cxpeiimcntci served as a subject in tlic 
male cxperimentei^s sitting atid also leccived preliminary training 
foi conducting this experiment, hence, she was much benefited by the 
experiences of the male experimenter 

It must be pointed out that the data used in this icpoit were 
based only on the lesults of 27 mfale subjects tested by the male 
cxpciimenter and 27 female subjects tested by the female experi¬ 
menter The lesults of the three female subjects tested by the male 
cxpenmentei wcie discaidcd because of the fact that the text situa¬ 
tion foi these three female subjects could not be compared with that 
foi othei female subjects so far as the siibject-cxpcnmenter rela¬ 
tionship IS conceined 


The Results 

Speed and A cent at y of Judgment The individual time and error 
scoies aic sliown in Table 1 The avciage number of errors for 
male and female subjects is 4 0 and 5 9, icspectively, favoimg the 


®Thc icsiills of these three female subjects were not used in this report 
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TABLE 1 


Individual Time and Error in Tiiursionh's Reasoritfi/j Test, Form U, 
Consisting of 32 Svixocisi icai Arguments 


Male subjecls under male 

Female 

subjects under 

female 


expenmentcr 



CKpernucuter 



Secs per 

No of 


Sees, per 

No. of 

Subjects 

argument 

errors 

Subjects argument 

errors 

1 

12 3 

0 

28 

15 7 

S 

2 

12,6 

2 

29 

174 

3 

3 

15,6 

3 

30 

114 

2 

4 

9.8 

1 

31 

196 

1 

5 

15,9 

1 

32 

15 3 

5 

6 

68 

2 

33 

9,1 

5 

7 

18 3 

2 

34 

68 

1 

S 

10 2 

5 

35 

89 

4 

9 

139 

4 

36 

18 6 

17 

10 

92 

1 

37 

15 4 

0 

11 

131 

S 

38 

16 8 

4 

12 

15 0 

10 

39 

150 

15 

13 

111 

9 

40 

10 2 

5 

14 

14 

6 

41 

92 

0 

15 

19.3 

2 

42 

93 

15 

16 

85 

7 

43 

13 2 

6 

17 

38 0 

7 

44 

14 8 

1 

18 

12 1 

i 

45 

10,3 

0 

19 

15 8 

3 

46 

9,6 

4 

20 

81 

5 

47 

89 

13 

21 

14 3 

7 

48 

14 6 

4 

22 

78 

3 

49 

10 1 

15 

23 

13 6 

2 

50 

17 8 

9 

24 

27 4 

0 

51 

22 2 

2 

25 

20.2 

8 

52 

9 3 

1 

26 

U 0 

9 

S3 

63 

12 

27 

21 2 

3 

54 

10 5 

9 

Total 

397 0 

108 


345 5 

158 

Mean 

14 7 

40 


12 8 

59 

A D 

4,5 

25 


3.7 

43 


males, but the average time is 14 7 and 12 8 see, lespcctivcly, favor¬ 
ing the females. The average variation of time score for males is 
much greater than that for females, and tlie icverse is true in case 
of error scores This result agrees witli the common belief that 
women act more immediately and lapidly than men, but men reason 
better than women. It has not been discovered, so far as the 
present writer is awaie, whether or not women reason quicker 
than men, but there arc several investigators who definitely claim 
that men excel women in reasoning ability. 
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Rehabthty of Sex Difference Now, let us see whether the dif* 
ference found in our tests between the two sexes is reliable Table 
2 shows the reliability of mean and variability differences of both 

TAIJLE 2 

REUAniLiTit or Mean and VARiADiim Diherencc or Time and Error 

Scores 





Mean difference 


—— 



Mnie subjects under Female subjects under 




male eypeiimenter 

tcmalc expenmeiucr 





Mean 


Mean 


D 

Per cent 





M 


chances 

Time 

147 

1 25 

12 8 79 1 9 

148 

\ 28 

89 97 

Error 

40 

56 

5 9 100 19 

115 

1 65 

95 05 



Variability difference 





S D 


S D D ^ a ]} 

^ n 

^8 D 

D 

Per cent 
chances 

Time 

6.47 

,88 

413 56 2 34 

1.04 

2 25 

98 78 

Error 

2 90 

39 

5 22 71 2 32 

.81 

2,86 

99 79 


time and erior scoies It must be emphatically pointed out that 
none of the differences is statistically reliable, because none of the 
critical ratios reached the rcquiicd size, thiee or greater Referring 
to Table 1, it is seen that there is a difference between male and 
female subjects so fai as the variability of time and eiior scores 
are concerned, Males are less variable than females in eiior scores 
but more vaiiabic than females in time scoie This fact, in addi¬ 
tion to the results of aveiage time and error scoics, leads us to think 
that the slight supeiioiity of error scores foi males and that of time 
scores for females may be due to the difference m vauability be¬ 
tween them The critical latios of the difference in variability 
for time and error scores are 2 25 and 2.86, lespectively, but those 
of the difference in mean aie only 1 28 and 1 65, respectively Strict¬ 
ly speaking, none of them is statistically significant, but the difference 
in variability is lelatively moie reliable in comparison with the dif¬ 
ference in mean. 

Sex Dtffeience Is Slight The above lesults agree with pre¬ 
vious findings in that theie seems to be a slight sex difference in 
syllogjstical judgment so far as average time and error scores are 
concerned, but this slight difference is, however, not reliable accord- 
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mg to rigid statistical analysis Sevcial explanations for this unre¬ 
liability of the present test may be offcicd here 

(^) The expeiimentci’Subject sex f ela/iotiship has been co«- 
ti oiled. It lias been pointed out above that ^vc have had a male exper¬ 
imenter conducting the test on 27 male subjects, and a female experi¬ 
menter, on 27 female subjects It has also been shown that the 
experimenter is a part of the experimental situation by which the 
subject may possibly be stimulated. Hence, in conducting an experi¬ 
ment on sex difference of a ccitain mental ability or capacity, tile 
difference of test score between sexes would be greater if the ex¬ 
pel invent was conducted by eitliei male ot female only. In the pres¬ 
ent experiment, the expeiimcnter-subjcct sex iclationship lias been 
controlled. The expeiimcntal situations are equally favoiable to 
both sexes and, hence, systematic euois that arc likely to pioducc 
spurious sex diftci cnees have perhaps been avoided 

{b) Rtff/d slaitsitcal Ueaimeni of data loweis the signifltante 
of sev diffeiPHce From the results of the piescnt test, some sex dlf- 
fciences in Thurstone^s Reasoning Test weic levcaled in the avei- 
age time and error scores, but these difteicnccs are not reliable ac¬ 
cording to rigid statistical analysis It is the opinion of tlic piesent 
writer that any conclusion diawn mcicly fiom two statistical avei- 
ages IS dangeious Of course, strict statistical analysis may not be 
valid, but It seems questionable that the slight diffcienccs in icason- 
ing ability between sexes icpoited by many picvious mvcstigatois arc 
reliable, because most of their conclusions aie based on the aveiagc 
scores only 

(r) T/ie test is too simple to demonstiate any leliable dtfjei- 
e?ice between college men and women Another explanation for the 
unreliable slight sex difteience m Thinstonc’s Reasoning Test is 
perhaps that the test is too simple and easy to demonstrate reliably 
the sex difference in reasoning ability, if there is any. Unless there is 
really sex diffeience in syllogistical judgment, fuithei experiments 
applying Thurstonc^s Reasoning Tests to chilclicn oi using some 
other move complex reasoning tests on college men and women should 
be performed m order to thiow moie light on pioblcm 

Sex Difference in Natine of Judgment One inteicsting point 
brought out by oui experiment is that thcic seems to be a slight sex 
difference m the nature of judging this tiue-falsc test Fritz had 
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repeatedly demonstrated that "theie is a marked tendency on tlie 
pait of the students to give ‘true’ icactions rather than ‘false’ The 
latio IS approximately 62 per cent to 38 per cent, icspectivcly” (8) 
In Thuistonc’s Reasoning Test, Foim B. half of the 32 aiguments 
aic true and the othei half aie false, which fact was made known to 
the subject Wrong judgments are of two types namely, those 
mistaking light conclusions as wrong ones (oi in Fiitz's tcim the 
false leactions), and those mistaking wiong conclusions as right 
ones (oi in Fiitz^s tcim, the “tuic” reactions) Table 3 shows us 


Men 

Women 

Total 


TABLE 3 


Anaiysis or rnn Naturp up Errors 


Totnl 

erioi s 

No 

Mistaking light con¬ 
clusions ns wrong 

No Percent 

Mistaking 

elusions 

No 

wiong con¬ 
ns right 
Per cent 

lOS 

68 

62 96 

40 

37 04 

158 

68 

43 04 

90 

56 96 

266 

136 

SI 13 

130 

48 87 


clearly that men made moic cirors when the arguments have true 
conclusions than when they have false conclusions, while, on the 
othei liand, women made moic eirors when the aiguments have false 
conclusions than when they have tiuc conclusions In other woids, 
men made moie negative answcis or false reactions (63 pei cent) 
than positive answeis or tiuc leactions, and women innde moie posi¬ 
tive answeis (57 pei cent) than negative answeis We do not find 
any appicciablc diffeicnce, howevci, between and "false^* re¬ 

actions when the lecoids of both sexes are combined Whether 
there is ically a sex difference in piefciimg to judge an aigument to 
be positive or negative is a pioblcm that is well woith furthei ex^ 
penmental verification 


Summary and Conclusions 

We applied individually a Chinese tianslation of the Thuistone 
Reasoning 1 esl, Foini Bj to a gioup of 54 subjects, 27 being college 
women undci a female expeiimeiitci and 27 being college men under 
a male expciimcntcj, 

This individual expeiiincnt was designed to investigate the much 
discussed sex difference m simple syllogistical judgment One signi- 
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licrtrit feature in tliis particulai cxpciiniciit is tlie special control of 
the cxperimcntcr-subject lelationsliip. It is pointed out that most 
investigators have neglected, in the past, tliis expci imenlci-scx con¬ 
trol. We arc convinced that wliethcj a male or a female experi¬ 
menter is conducting mi experiment on sex (Iiffciciicc makes a great 
diftciencc in the results, 

Men, on tlic average, take longer time (14 7 see.) to pass a 
syllogisticnl judgment, but commit less criors (4.0), ^diilc women 
aie usually quicker (12,8 sec ) in passing judgments, but commit, on 
the aveiage, more errors (5.9). However, tlicsc diffciences arc not 
very significant according to rigid statisitical ticatment For 
time, the critical ratio is 1 28, which corresponds to 89,97 per 
cent chance and, for error, 1 65, coiresponding to 95.05 pci cent 
cliance Confirming most icscaicWcs in the past, diffeiences m 
variability of response aic more significant, 

There nre many reasons fo\ the lack of significant sex differences 
by our technique of experiment' (1) The ex penmen tei-sub 3 ect sex 
relatians’hip has been contiolled; (2) rigid statistical treatment of 
icsults lowers the significance of any found diftcieucc; and (3) 
Thurstonc^s test is peihaps too simple to demonstrate any reliable 
difference between college men and women Howevci, the fact that 
more men (63%) tend to mistake nght conclusions as wrong and 
more women (57%) tend to mistake wrong conclusions as right 
seems to be a cliaiacteristic sex difference, 
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STUDIES ON THURSTONE’S REASONING TESTS** 

TSing Hun Vitivcfsity 


Han-Piao Chen 


iNTRODUCnON 

So far as the wiitci is awaic, there seems to be no formal report 
on the two foims of the Thurstunc Reasoning Test, It is interesting 
to know how fai tliesc simple syllogism tests can actually test icason- 
mg ability It has been ciiticizcd by many people as too simple to be 
an adequate test foi the complex leasoniiig processes, Plowevci^ its 
vciy simplicity, the familiaiity of the test material, and the uniform 
1 epiesentation of the inateiials in the test may be an advantage over 
those complex, variable leasoning ability tests which more or less 
suffer fiom what had been found by Thorndike (3) and Wilkins (4) 
concerning the effect of changed data and material upon leasoning 
The aim of the piesent investigation is not so much a study on rea¬ 
soning ability as an expeiimental analysis of Thmstone^s Reasoning 
Tests themselves ^ he following problems weie in mind when we 
worked on this test 

1 What are the most difficult aiguments in these obviously 
simple, easy leasonmg tests > Is thete an effect of foim and con¬ 
tent on the scoic of judgment^ 

2 What aic the methods of attack in solving these aiguments^ 
Do the subjects spontaneously arrive at a ceitain method of attack 
at the beginning of the test without tiial and eiroi ? 

3. Is theie any corielation between eiror and time in judging? 
In other woids, does the quickei subject tend to produce more or less 
valid answcis? 

4 Is thcic any con elation between the scoie of Tliui stone’s 
Reasoning Tests and the giade in geneial physics of college students 

Experimental Procedure 

Mateiial, TJie Thurstonc Reasoning Tests, Foims A and B, were 

‘Received in the Editorial Office on May 28, 1935 
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translated into Chinese foi the following four sciies of cxpeiiincnts, 
Form A consists of 20 syllogistical aigumcnts, wIiilIi deal witli the 
light-heavy relationship among silvci, coppci, and iron, the rela¬ 
tions among \ datives, the idationships of debts funong three per¬ 
sons, the relation of club membership between U-io clubs, and the 
birtliday relationship among three pcisons. Each of these five types 
of problems consists of four aiguments, Fo7m B consists of 32 syl- 
logistical arguments, which deal witli the simple tall-shoit relation¬ 
ship among three persons, whose actual relative height relationship 
IS different from aigument to argument For example, in one argu¬ 
ment, Brown may be said to be taller than Jones and shorter than 
Smith, while, in another, Brown may be shorter than both Jones and 
Srnitlij and still, in another, Brown may he taller than both Jones 
and Smith All the arguments, in cither Fo/ni A or Foirn Bj are 
similar in form but none of them is exactly the same in statementr 
Te^t Senes, Four senes of tests wcic performed Senes I was 
performed under the individual laboratory situation. Fifty-seven 
subjects had been tested by means of the Tluirstonc Reasonwff Testj 
Form B, The Alber’s Optical Stimulus Appaiatus had been used for 
the exposure of different arguments, The subject was required to 
read one aigument at one time and then judge its truthfulness or 
falsehood Both time and error for each argum^*nt had been recorded 
by the experimenter sepaiately (1). Scries II was pei formed bctoie 
the regular hour of a seminar. Ten subjects, sitting around a table in 
a small libiary of the Psychology Department, had been tested by 
Form A only (in English), Series III and IV were perfoimed m 
two lecture rooms The former was given at the regular hour of a 
class of advanced expeumental psychology, while the latter was given 
at the regular houi of a class of general physics In both series, sub¬ 
jects, sitting m pairs, had been tested by Fotms A and Bj whicli were 
printed in Chinese on two separate sheets of paper. In Older to 
avoid copying the judgments of one's neighbor, Fotms A and B had 
been distributed alternatively. Tins is to say, in the first trial, all 
subjects whose seats were odd numbers were tested with Foi m A and 
subjects whose seats were even numbers were tested with Fotm B, 
and, in the second trial, the foims were leversed. Eight subjects had 
been tested in Senes III, but only seven of them had completed tlieir 
tasks. In Senes IV, 170 students had been tested, but only 155 and 
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141 of them had answcied all the aiguments in Forms A and B, 
respectively PIcnee, we had secured 172 subjects foi Fojm A and 
205 subjects for Form B. All senes, except I, were tested under 
group situations The task of the subject in these group senes was 
the same as that in individual senes ' Oial instiuctions were given 
bcfoie the test by the experimenter After all the subjects had under¬ 
stood what the expciiinentei wanted them to do, test materials weie 
distiibuted to them, At a given signal the test was begun The 
total time required to /inish the whole test was recorded by the sub¬ 
ject himself immediately aftei he had finished 

An Analysis of Tiiurstone Reasoning Tests 

Relative Difficulty of Different At ffujnents The relative difficulty 
of different aigumcnts in Form A and Form B in tcims of error 
scoie by all the subjects and Fotm B in teims of time score by 57 
subjects are shown in Tabic 1 This table shows that diffeient argu¬ 
ments are of very unequal difficulty so fai as both the time and error 
scoies arc concerned Thus, we see that argument No. 17 of Form 
A has only 4 eirors but No, 14 has as many as 80 errois, and No, 
13 of Foim B has only 9 errors but No 5 has as many as 49 errors. 
Pile time scores show smaller vaiiation. It was the subjects* intro¬ 
spective recoids of Fotm B in Senes I and the expciience of the 
wnteis during the translation and piepaiation of this test that sug¬ 
gested that we analyze and compare the diffeient aigumcnts as to 
their relative difficulty. Several tentative conclusions may now be 
drawn as follows* 

{a) rite difficulty of atguments in terms of eitoi scoie vaiy 
with the content, daiOj ot category of arguments. I't has already 
been pointed out that in Foim A we have five types of problems to be 
reasoned out by oui subjects These five kinds of relationships are 
what we mean by diffeient data oi content in the tested arguments. 
It IS noted that the total number of eiiors are different for each kind 
of relationship The debts relationship, which yielded only S3 errors, 
IS the easiest, and the club membership relation, which yielded 188 
errors, are the most difficult to judge The other three categories, 
birthday, light-heavy, and lelatives, yielded 60, 74, and 84 errors, 
respectively This effect of content upon the relative difficulty of ar¬ 
guments confirms the general findings of Thorndike (3) and Wil¬ 
kins (4) 
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TAMIL 1 


Rhative Diiiiculi'i or DnuFUNi Aroumlnis 


Argument 

No 

Total error scores 

Form I lo/tn U 

(172 subjects) (205 Hijlijtcls) 

Tune score 

Form U 
(57 subjects) 

1 

23 

41 

198 

2 

46 

32 

16,5 

3 

21 

34 

20 8 

4 

38 

16 

15 1 

5 

8 

49 

1 B2 

6 

21 

33 

18 5 

7 

19 

20 

16 1 

8 

16 

28 

14 6 

9 

60 

15 

10 3 

10 

18 

12 

11 0 

11 

19 

30 

122 

12 

15 

12 

141 

13 

8 

9 

11 6 

14 

80 

20 

128 

15 

15 

18 

15 5 

16 

11 

32 

12 7 

17 

4 

30 

11 y 

18 

8 

17 

114 

19 

10 

17 

12 3 

20 

19 

23 

13 2 

21 


21 

114 

22 


36 

14 2 

23 


13 

11 1 

24 


3L 

12 4 

25 


22 

12.1 

26 


27 

tl 3 

27 


23 

11 4 

28 


26 

10 0 

29 


14 

11 0 

30 


28 

10 1 

31 


10 

11 8 

32 


23 

120 

Total 

439 

762 

432 9 


(b) Given the same data o; content^ the difficulty of argu¬ 
ments i?t terms of both time and enor scoies may vaiy zuitli the tali' 
shoit telationship in the aigument. In aiifllj'zmg Foim Bj it is noted 
that the 32 arguments may be classified into loui gtoupsj oi eight 
sub-groups, accoiding to the vaiioiis tall-shoit lelationships. The 
argument, e»g, Bjoivn is shotiet than Smiiht Jonch is shoitei than 
Browiiy therefore, Jones is shoilc) than Smitlij consists of three 
propositions consistently dealing with the lelationship of shoitness. 



H'\N-P1A0 CllEN 


19 


which ina 5 ^ he denoted by the symbols SSS On the other hand, if 
all three piopositions deal with the iclationship of itillnessj then the 
symbols aviII be TTT Sjmil.aily, we have aiguments of TTS, SST^ 
STTj TSS, TSTj and STS The lelative difficulty of the clifterent 
groups m teims of time and error scoics aie shown in Table 2 


TABLE 2 

ErFLCT or Chanced Tacl-Short RBLAnoNsmF of Form Ji upon Difficulty 



Gioiip A 

Group B 

Group C 

Group D 


TTT 

SSS 

TTS 

SST 

STT TSS 

TST STS 

Time 

11 8 

119 

12 5 

12 6 

13 6 

14 + 

14 S 

16 2 

Av 

11 9 

13 0 

14 0 

15 3 

Error 

57 

105 

100 

97 

93 

90 

96 

12 + 

Av 

162 

197 

183 

220 


It is easily seen from this table that the aiguments under Gionp A 
are mucli less difficult than Gioiip D by both time and erioi scores 
Group Cj liaving 183 errois, seems a little casici than Gfoup B, 
having 197 cnors, but the reveise is tiuc in time scoies. 

This effect of changed relationship upon the relative difficulty of 
different arguments is by no means an unexpected phenomenon 
According to intiospective comments, it is to be noted that many 
subjects ficquently lepoited that those arguments consistently deal¬ 
ing with the lelationship of shortness or tallness are easy to com¬ 
prehend Moreovei, some objects icpoitcct that they could not reach 
a decision unless they l^ad transformed an aigument into a TTT or 
SSS type. This is to say that some of oui subjects used tallness 
or shortness as the standard of comparison Whenever he used 
tallness as his standard, he would change those propositions dealing 
with the relationship of shoitness into tallness, or vice veisa. For 
example, the proposition “Brown is shoitcr than Smith” would be 
changed into “Smith is taller than Brown/* if the subject used 
tallness as the standard of lefcrence The relationship of TTT and 
SSS is perhaps easier for memorizing than any othci lelationship, 
and so they tend to make the subject have quickei decision and less 
error 

(e) Gwen the same data ot content, the difficulty of aigu- 
meni& in terms of both time and enor scores vary zvith the sequence 
of persons i?i the arguments The sequence of persons is different 
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m the arguments of Fonn B. Gciieraliv, they may also be classified 
into foul gioLips of eight types as follows. 

Group 1, Type A (a-h, a-c; c-b ) Type B (a-h; a-c, b-c ) 

Gioup 2; Type C (a-h, b-c, c-a ) Type D (a-b, h-c, n-cj 

Group 3: Type E fa-b; c-n, FeJ Tvpc F (thb; c-n, c-b ) 

Group 4* Type G (a-bj c-b; c-n.) Type II (a-bj c-bj a-c ) 

Here our interest is only in the sequence of tliicc pci sons in dif¬ 
ferent arguments No attempt has been made to analyse the effect 
of a different sequence of particulai pci sons upon the difficulty of 
arguments, Each of the thiec symbols may rcpicscnt each of the 
three persons, but each of them represents one person consistently 
only in that particular aigument Foi example, a-b may rcpiescnt 
^Trown is taller (or shorter) than Jones," "Biown is shorter (or 
taller) than Smith," “Jones is taller (oi shorter) than Smith," 
or any other proposition Likewise, a-Cj b-Cj c-a, oi c-b m«iy represent 
any one proposition in the test; and also a-h, a-c, b-t may lepicscnt 
Argument No, 1 (Brown is taller than Jones, Brown is shorter 
than Smith, therefore, Jones is taller than Smith), or aigument 
No. 6 (Smith IS shorter than Jones, Smith is taller tlian Brown, 
therefore, Jones is shorter than Brown) The symbol a may repre¬ 
sent "Brown" in Argument No, 1 but may also icpiesent “Smith" 
in Argument No 6, although it can represent only one person con¬ 
sistently within any one argument 

The time scores of 57 subjects and the ciror scores of 205 sub¬ 
jects are shown in Table 3. It is noted that the order of difficulty 

TABLE 3 


Effect of Cuamged Sequcnck oi Persons ui»on DinicuLTY or Form B 



Group 1 

Group 2 

Group 3 

Group 4 


A 

B 

C 

D 

E 

F 

G 

H 

Time 

13.9 

16 7 

11,6 

11 6 

H7 

11 9 

15 S 

12 3 

Av 

153 

U 6 

13 3 

13 9 

Error 

116 

140 

no 

98 

89 

62 

82 

65 

Av. 

256 

208 

151 

147 


according to the time score is: Groups 1, 4, 3 and 2, while the error 
score is* Groups 1, 2, 3, and 4 Although arguments in Group 2 
yield more errors, so far as the most difficult arguments arc con- 
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ccrned we have reason to believe that those arguments in Group 1 
are the most difficult in both time and erroi scores 

From the results of this and the preceding sections, it seems that 
the most difficult arguments aie those which belong to Gioup D of 
the talFshoit lelationship and, at the same time, belong to Gioiip 
1 of the sequence of peisons Table 4 gives this kind of analysis, 
where A, B, C, and D denote diffcient classes of height relationship, 
and 1, 2, 3, and 4 denote those gioiips of sequence of peisons, and 
also A-2, A-3, etc , denote those aiguments that belong to both Group 
A class of height iclationship and Gioups 2, 3, etc, of seciuence of 
persons This combined effect of height iclationship and sequence 
of persons is shown in Table 4 



TABLE 4 

Rclaiivf DirncOLTY of Arguments or 

Fot in B 



a-2 

Combination 

A-3 , B-2 B-3 

C-1 

C-4 D-1 

D-4 

Time 

Error 

11 1 

127 122 13 8 

134 

14 5 17 2 

13 3 

95 

67 113 8+ 

103 

80 153 

67 


The range of time and eiror scores of height relationship and 
sequence of peisons taken togethei aic all gieater than either taken 
alone In other words, the easiest and the most difficult aiguments 
are usually those combining both the easiest and the most difficult 
height relationship and sequence of persons as seen in Table 5 The 


TABLE 5 

Comparison of Range or Timf and Error Scores or Form B 


Tune 

Error 


Height 

relationship 


U 8—16 2 
(A)—(D) 
57—124 
(A)-(D) 


Sequence After 

of persons combination 


116—16 7 11 1^17 2 

(2) —(I) (A-2)—(D-1) 

62—140 67—153 

(3) —(1) (A.3) —(D-1) 

(D-4) 


most difficult aiguments are those combining both the most difficult 
lieight relationship and, at the same time, the most difficult sequence 
of persons. For example, D is found to be the most difficult height 
relationship and 1 the most difficult sequence of persons by both 
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time and error scores^ and hence the combination of D-1 is found 
to be the most difficult .is shown in Tabic 4 
MeOiod of Attack hi Sohiriff Problems, From both subjects’ intro¬ 
spective records and experimenters’ obsci v.itions duiing the pcjform- 
ance of the test, several methods used bv oui subjects in judging 
whether the conclusion of the aigumcnt is tiuc or false have been 
noted. Some had chosen three fingeis, two feet and one hand, or 
three digits to represent the three poisons in the argument, and, at 
the same time, the relative position of the right and left, front and 
back, or top and bottom was taken as an Indication of the tnll-^hort 
relationship of the persons in the aigumcnt Some also used three 
lines of unequal length to represent tliiee persons, the longest line 
standing for the tallest person and the shortest line tlie shortest 
person One subject repotted that she imagined the tuUcst person 
located in the highest part of the hinin and the shortest pci son in 
the lowest part of it Several subjects used the symbols > and < 
to represent the tall-short relationship. Some other subjects read 
out the arguments in oidor to obtain a decision for the tiuth or 
falsehood of the conscKisions Another interesting fact is that one 
subject reported tluat, when he read the aigumcnt, he pronounced 
the name of different peions with different pitches in order to arouse 
different auditory imagery. A forceful pronunciation of the name 
of a person means tallness of that person, and a weak pi enunciation 
means shortness. 

Those who formulated any method of attack at all acquired it 
only after some preliminary trial and ciror. None of the subjects, 
according to their introspective records, developed any definite method 
during the first few tiials Usually two or three cues were tried 
out at first by most of the subjects, and then they fin.^lly arrived 
at one definite method of attack 

Correlation between Time and Eitor Scofes There arc two ways 
of correlating time with error scores, one with respect to arguments 
and the other with respect to subjects Witli respect to .arguments, 
the coefficient of correlation by the product-moment metliod is found 
to be -(-.71; with respect to subjects, —-.002 The former con elation 
indicates that those arguments that lequired a shot ter tunc for our 
subjects to judge also yield less error, and vice versa. This lesult 
agrees with the data shown in Tables 2, 3, and 4 and indicates 
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that, even thought the aiguments aic very simple, there is a wide 
range of relative difficulty among them, judging from both time and 
error scores. 

The time and error coi relation with respect to subjects is only 
— 002, which IS practically zero correlation This means that some 
su jects may take a shorter time .and have less error, other subjects 
may take a longer time but have more errors, still others may take 
a shorter time but have moie eiiors, and still others mav take a 
onger time but have less errors This tendency may be seen in 
Table 6 Subjects whose time scores fall within the first quartile, 


table 6 

Rri.ATION nETWFEN TIME AHD ERROR SCORES OF Fo)m D 


(57 subjects) 



Slower 

Speed 

Noimal Quicker 

Total 

Less 

Error* Moderate 

More 

Total 

3 

8 

3 

14 

6 

16 

7 

29 

3 

8 

3 

14 

12 

32 

13 

57 


third quartile, or between first and third quartiles are said to have 
quicker speed, slower speed, and normal speed, respectively Simrlar- 
ly, subjects may be sard to have less error, more error, and moderate 
error It is easily noted from Table 6 that a subject may have 
slower speed and moie eiior, quicker speed and more erior, noimal 
speed and modciate error, and so forth. The two extremes repre¬ 
sent those wliose time and error scores arc positively and negatively 
correlated respectively, but the majority of them belong to the class 
0 normal speed and moderate error This result confirms Dale’s 
n ing t lat there is no relationship at all between score (or number 
of errors) and rate of working” (2) in reasoning ability tests " 
Con elation between Scoies of Thurstone‘s Reaeomng Tests and 
Gtade m Gme,al Physics Incidentally, it may be of interest to 
know hovv Thuistones Reasonmg Tests are related to the actual 
grade in the general pliysics course Before we present the corrcla- 
lon coefficients between test scores and grade maiks in this course, a 
^w words should be said about the marking system as used m Tsing 
Hua University, which has five-letter grades E for excellent, S iot 
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superior, N foi normal, I for infeiior, anil F for falUiic The per^ 
centage equivalents aic as follows* £ = 91-100 per cent, S = 81-90 
per cent, N — 71-80 per cent, 1 ^ 61-70 per cent, and = 60 
per cent and below Besides these gross marks, plus or minus 
IS also attaclied to each giadc, and hence twelve iiiaiks aic possible 
foi the foui passing letter gindcs, each having a vaUie of three 
points. A grade below I cannot be included in the coi relation table 
because it langcs anywhere fiom zero to 60 points. 

We calculated 12 corielation coefficients foi both forms of the 
test, foi both time and error scores, and for first and second terms 
and for the whole academic yc.u The iiumbci of peisons varies 
somewhat m the diftetcnt correlations Foi test Fotm A, 120 persons 
have both test scoies and grades above I foi the liist term, 121 
persons for the second term, and 118 persons foi the final, for test 
Fo}m 107 peisons have both test scoies and giadcs above / for 

the first tcim, 106 peisons foi the second teim, and 103 peisons 
for the final, The conclation coefficients aic shown in Table 7 


TABLE 7 

CoRREt^ATlOU DBrWEBN IHi: SCORFS OF ThURSTOTJl’s RfASONIWO 'Ll sis ANtt 
THc Gradf in CoLrroP Physics 


Test Score Isttcim 2 rul lerin Final Avcutrc 


Form A 

Tune 

A 

Error 

Form B 

Ttrnc 

Fonji il 

Error 

Average 




Since both time and error scores are negative measures of the 
test trait, it is obvious that all except one of the correlation co¬ 
efficients in Table 7 are minus. AVe are not in a position to explain 
the wide discrepancies In the 12 correlation coefficients, The average 
in the first term for both tests according to both time and error 
scores is somewhat higher than that in the second term When 
the final giade is coiielated with the test, the coefficient is highest 
In general, Test B seems to con elate higher with giacics in physics 
than Test A, and time scores seem to correlate higher than error 
scores, 
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Summary and Conclusions 

We applied TJiuistone’b Reasoning Testj Fonn A (English), to 
gioup of 10 subjects and a Chinese translation of both Forms A 
and B to 162 and 148 subjects, respectively, undci two group situa¬ 
tions Another gioup of 57 subjects had been tested by Form B 
only under individual laboiatoiy conditions The time required 
to an-^wer each argument was legisteied in the individual test situa¬ 
tion, but only the total time icquiied to complete each form of tests 
had been recoided in the group test situation 
A detailed analysis of Thurstonc’s Reasoning Test revealed the 
fact (1) that the relative difficulty of the different aigiiments in 
teims of erroi score may vaiy with the content, data, or category 
of arguments, (2) that, given the same data oi content, the difficulty 
of arguments in teims of both tinrie and ciror scores may vary with 
the tall-short lelationship m the aieumcnt, and (3) that, given the 
same data or content, the difficulty of aigiimcnts in terms of both 
time and error scores may vary with the sequence of persons m the 
arguments. Subjects used all soits of imaginal cues in passing a 
judgment, and there is piactically no conelation between speed and 
^cuiacy of judgment Finally, we found that test scores in 
Thurstone’s Reasojiinp Tests are correlated with grades in college 
p ysics to the extent of —611 Since the scores are time and 
errors, the coi relation coefficient is necessarily minus 
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CONDITIONED RESPONSES IN THE WHITE RAT. 
HI CONDITIONING AS A FUNCTION OF THE 
LENGTH OF THE PERIOD OF DELAYS* 

Ufiivcfsity of Roc/teslei and Bronvn Ufiivei stty 


William E Kappauf and Harold Schlosberg 


Introduction 

The formiition of conditioned icactions in the white rat based 
upon the unconditioned aespoiise to shock has been described in pre¬ 
vious papeis by Schlosbcig (9, 10) He found it quite easy to 
establish conditioned bieathing reactions to a buzz or light but rather 
difficult to obtain a stable withdrawal of the leg or tail. The in¬ 
fluence of certain factors in the expeiimental situation upon the 
progiess of the learning was mvcstigatcdi but no attempt was made 
to vary the interval between the conditioned and unconditioned 
stimuli The present study was designed to determine the effect of 
this paiticulnr variable 

In the early woik of Pavlov (6) on “simultaneous,” "delay," and 
trace icflexes, time intcivals weie recorded in minutes rather than 
seconds But when one tuins fiom a study of glandular responses 
to one of skeletal activity, pi case tempoial lelationships seem to be 
more important Thus. Schlosberg (8). using a bell-tap sequence m 
establishing a conditioned knee-jerk in human subjects, observed that 
inteiva s etweeii 2 and 44 sec led to optimal conditioning, while 
shoitei periods of "delay” were much less favoiable Comparable 
results were repo.tcd by Hilgaid (2) fo. the conditioned eyelid rc- 
flex More e aborate than the above have been the recent investiga- 
tjons of Wolfle (12. 13). In the course of her two studies of 
the conditioned hand withdiawal, she employed some 160 subjects 
assigning them to dilteient groups and training tliem with different 
intervals between the associated stimuli The positive inteivals be¬ 
tween 2 and 6 sec wcie most effective, and on eithei side of this 
region the incidence of conditioned responses during the test trials 
was much l owei than the inaMmum fiequcncy (37 pei cent in the 
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first experiment and 57 per cent in the second) Razian (7) has 
suggested that the diminislied cffcctivcnesb of the longci forward 
intervals employed by Wolfle might be a function of the relatively 
short period between successive paued stimulations. It may also 
be mentioned that Wolfle adopted a discrete conditioned stimulus, 
namely, the impact of a sound hammci Hei situation was typically 
that of a “trace” lather than a “delay” icflcx^ and this fact also 
may have affected conditioning at the longci intcivah. 

The first approach to the pioblem of optimal temporal sequences 
in animal conditioning is found in the work of Can and Freeman 
in 1919 (1) In this expeiimcnt with the white rat in a double- 
choice maze, the sound of a buzzer was associated with a closed 
door which made necessary a series of turning aitd ictiacing move¬ 
ments Learning to turn at the presentation of the sound was more 
successful when the buzzer was sounded appioximatcly 1 sec. before 
the animal reached the door than it was if the two stimuli were 
coincident or if the bu/z came some 8 sec aftci the ictiacing 
had begun, In a very similar situation, Yarborough (14) established 
the habit of turning and retreating fiom the pathway when a shock 
was received Subsequent presentations of a buzz in definite time 
relations with the shock formed the basis foi a first-ordci conditioned 
response. With this technique, inteivals grcatci than 2 see wcie 
regularly less satisfactory, while those of I and 0 sec were both 
more effective in biinging the animals to the 90 pci cent ciiteiion. 
When second-order conditioning was attempted with a new sequence 
of light and buzz, the oider of difficulty iricicased with the length 
' of the interval 

Perhaps a more typical conditioning situation was that devised 
by Warner (11), The unconditioned response was the laPs unco¬ 
ordinated scrambling over a low wall which sepaiatcd a charged 
from an uncharged grid. The conditioned stimulus, a buzz of l-scc, 
duration, preceded the shock by 1, 10, 20, or 30 sec for different 
experimental groups. Of these groups, the one trained with the 
1-sec delay reached the criterion most rapidly 

This brief account coveis the literature on contxoiled investigations 
of the relative effect of different siioit interv<ils upon tlie establish¬ 
ment of conditioned responses so fai as the picscnt wiilcis aic 
aware. Other cxpciimcnts seem to have adopted intcivals which 
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weie either tiaditional, convenient, or which aftoided satisfactory 
results This latter is cleaily the case in those studies of aiiditoiy 
sOTsitivity involving the conditioned bieathing icaction A 5- or 
10-sec.^ interval of delay affoids a bieathing record adequate for 
analysis, but theie is no leason to believe that this is the most satis¬ 
factory penod foi the development of sharp, conditioned skeletal 
responses In the eailier woik of Sclilosbeig on the white lat, 
tile peiiod of delay was set at 1/3 sec to conespoiid appioximately 
to the optimal interval foi humans In contrast to the repoited 
consistency of conditioned skeletal icactions in the higher mammals 
(5), the incidence of leg oi tail iespouses in the rat was relatively 
mv. It seemed quite possible tint the conditioning might be moie 
effective with an interval othei than 1/3 sec 

In investigating the importance of this temporal factor, the present 
expeiiment has given no consideiation to “backward” intervals be¬ 
cause of their relative ineffectiveness (6, 12, 13) 


ApPARAruS AND GeNBRAL PROCEDURE 

Most of the parts of the apparatus used in the present study have 
already been desciibed (10) The holder was so ananged that 
the rat was supported astride a block of wood. His light foreleg 
was held extended by the tension of a light mechanical recording 
system; the othei three legs were secured by thongs A second 
lever anangement made it possible to record tail movements, and 
a pneumatic system (balloon and tambour) provided a record of 
respiratory activity The unconditioned stimulus was a 60-cycle 
half-wave rectified alternating cuiient, applied through a wick elec- 
tiode on the right foieleg and a laige “indiffeicnt” electrode on the 
a domen A lesistance of 5 meg was put in seiics with the animal, 
.and the current, .as lead on the milliameter, was contiolled by vaiying 
the voltage A loud buzzer furnished the conditioned stimulus 
In place of the oiigmal timer, it urns necessaiy to substitute one 
wiich would peimit a wide vaiiation of stimulus duiations For 
this pmpose a Leipsig time-sense appaiatus was rebuilt and driven 
y a Telechion motor. Four trip keys on the graduated ciicum- 
ference were connected to appiopiiate lelays and switches so that 
the successive opening of these keys would initiate the buzz, then 
the shock, and finally teiminate both simultaneously. The temporal 
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relations between tlicse events wcie icgularly checked with an inv 
pulse countei oi an clectiic stop-clock, which could he read to 1/120 
or to 1/300 sec, respectively. 

After a consideration of the picvious concUisions of Schlosbcrg 
(9, 10), Liddell (5), and othcis, the following tiaining technique, 
which seemed most favoiable to conditioning, was adopted. From 
20 to 25 buzz-shock sequences were picscntcd during each of six 
daily sessions The interval between successive paired btiniiilations 
was never less than one minute and larcly more than two, so that 
each session lasted about 35 miniitcb The stimuli wcie ncvci de¬ 
liberately given while the animal was sttugglmg. Since it has often 
been suggested that uiircinforccd “test’' tiials delay the establish¬ 
ment of the conditioned response, the buzz was nevci picscntcd with¬ 
out the shock In consequence, the sole cuteiin of the piogicss of 
conditioning were early responses, ic, behavioial changes which ap¬ 
peared aftei the buzz had begun but bcfoic the shock was ad¬ 
ministered 

The time intervals which were selected for special study weic 1/3, 
2/3, 1, 2, 4, and 7 sec Following these fixed periods of *'dclay,“ 
the buzz and shock continued together foi 1/3 see, 

The animals used were healthy, well-fed males descended from 
Wistar Institute Commercial stock, They had had no previous 
training with buzzer, shock, or icbtraint conditions, and were taken 
at random from that group in the colony wliich happened to be be¬ 
tween five and eight months of age at the time of the expcilinent 
Two animals were always tiained conciuready at a given delay 
period and wcic never used for moic than one sucli interviil. In 
each experimental pair, one animal was tiaincd with a shock of fixed 
duration The shock circuit for the othei animal included a short- 
circuiting key adjusted so that any leg withdrawal exceeding 1 mm , 
if maintained until the current flow had ceased, would prevent or 
terminate the shock Schlosbcrg (9, 10) has already reported that 
there seems to be little diffeicnce in eftcctivcncss between tlicse two 
methods even though the SC animal consistcnly tcimintitcs the shock 
by his response to it. The two situations were earned ovei into 
the present study for further analysis Tims, one rat of eacli pair 
received a shock of 1/3-bCC, duration, while the othei animal usually 
‘'shorted" the shock at the end of ,1 see 
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Evaluation of the Responses 

In general, the records of the piesent expeiiment add further 
support to the statement that tlie conditioned response does not pie- 
"rTo unconditioned lesponsc in form or magnitude 

' ’ ’ ' '• Vhen the leactions weie oiiginally classified, paiticu- 

lar attention was given to those leg flexions, bieatlimg changes, and 
movements of the tail which approximately coi responded in sudden- 
ness and amplitude to the unconditioned activity elicited by shock 
Hut such bieathing leactions nevei appealed in more than 30 pei ccnti 
of the trials foi anv one animal, and, on the avciagc, occuired in 
less than 12 per cent Complete leg flexions had an avciage in¬ 
cidence of less than 8 pei cent, and vigoious tail movements were still 
nriore infrequent It was, theiefore, veiy impractical to try to use 
these responses as indices of the depth of conditioning In the final 
data sheets and in the accompanying chaits, all leg flexions were 
grouped togctliei and all whipping and bending movements of the 
tail weic amassed regaidless of theii iclative magnitudes Besides 
flexion of the members, lelaxations and extension wcie also observed 
vciy frequently the limb was actively tluust foiward oi the tail 
was stiffened so that the maikeis made exclusions m diiections oppo¬ 
site to those denoting flexions Such responses definitely involve 
different muscle systems and hence weic grouped apart from the 
flexions which lesembled the unconditioned leactioii more closely. 

Respiiatory changes were classified undei several headings. 

1. All sharp inspirations which weie of an amplitude at least 
three times that of the pievioiis bieathing pattern 

2 '‘Regulai” squealing or whispciing, le, the continued lepe- 
tition of the squeal paitcin until the piesentation of the shock Wlien 

not vocalized, the foiced inspiiation could often be heaid as a 
whispei 

3 All othei modifications in late, legulaiity, etc. 

Simple squealing always occuis when a shock is administered, but 
It fans to be a good ciiteiion of conditioning because of the fact 
that it atte nds expnation lathei than inspnation At the shortei 

trial" ■'“PP'*' "'“le ‘han 20 per cent of the 
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intervals, an animal may icccive the shock beioic the conditioned 
inspiration is complete. Tims squealing cwuUl be of value only at 
the longci inteivals. As a pau of the corulitioricd leaction, it will 
be discussed in a later portion of the papci, but it was impossible to 
quantify squealing as a measure for giapbical rcpicsentation Finally, 
since slight changes in the bicathinR pattern might have been mere 
sensitizations of the original unconditioned leactioii to buzz (which 
was extinguisliccl on the fust day), the writers believe that the inci¬ 
dence of sudden inspirations of a given magnitude piovides one of 
the best mensuies of conditioned lesphation 

To avoid the difficulties of attempting to evaluate lesponscs wliicli 
were masked by struggling oi squealing whiLli began before the onset 
of the buzz, all such tiials, although conliibiiting to the tiaming, 
were discarded in the final scoring* All tlic iccoicls were read and 
giadcd at least twice. 

Methods and Results of riiii Main Experimj.ntal Group (/i) 

The first experimental gtoup of 12 animals was tiaincd under 
^‘standard” conditions to dcteiniine the relative effectiveness of tlic 
different intervals which had been chosen. Two animals of the 
same age and stock, but not nccessaiily the same littci, wcic used 
at each of the six chosen intervals, and for one in cm be i of each pan 
the short-circuiting contacts were intioduced Tlnougliout the six 
sessions, the shock strength was kept at the constant level cf 2 nm 
All factois except the length of the delay pciiod and the picscnce 
of the shoit-circuiting contacts were identical for evciy aniinal of 
the group, In older to thiow some light upon the significance of 
the ohseived differences between the ‘ shoit-ciiciiit’* and the ^hion- 
shoit-cncuu’^ gioups and between the pcifoimance displayed at one 
interval and at the next, four additional animals weic run ns con¬ 
trols. One pair was trained at 1/3 sec,, the othci at 2/3 sec The 
short-circuiting contacts were not used with these control animals. 

Because the curves of daily performance were chaijctciized by 
marked Irregularities and weie not very suggestive, the behavior 
of these 16 subjects was summarized in teims of the pciccntagcs 
of trials in which significant icsponses appeared. This percentage 
incidence was computed for the entuc six-day liaiiiing period, and 
again for the last three days Th'e same trends aic to he observed 
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in tVie two sets of tlatn so piocuicd. Smilc the icrcUm mav |iicfc\ 
an account of the final level of pcifoimance i.ulici tlian a inc.isuic 
whidi masses all phases of the ticUiiniK^ the .KLonipaiiyiiiK clinits 
(Figinc 1) siinimarize the intulcncc of c<n1y lesponses in t!ic ihee 
cQvchdxnq jm/o/u In considciing these data it is impoitant to 
bcai in mind that diffcicnccs of 10 poi cent coiicspond Lo two ic- 
sponscs per day Since, further, the c\nve> arc dcieimmcd hy 
activity of single animals, the infoimatKin on the cotuiol subjects 
IS significant m icvealing hoM much of the hcliavioi discicpancies 
may be attiibiitcd to individual diftcicnccs i.ithei than to evpeii- 
mental variables 

In Graphs I thioiigh IV (Figuie 1) the average incidence of cci- 
tain lesponscs is plotted as a function of tlic delay |)eriod The 
performance of each NoSC ammal m the standaid {A) gioup is 
indicated by a hollow ciicle, while hollow squares arc used foi 
Gioiip A rats trained with tlic shoi t-cnuiilcd contiacts To facili¬ 
tate compaiisons, the avciagcs foi the animals in each senes have 
been joined by solid lines In gcncial, the icsiiltuig ciiivcs suggest 
that better conditioning attends shoitcr iiUcivals of delay l^ut it 
IS necessary to examine the data in detail before definite conclusions 
may be drawn> 

Leq Wtihdtmuals (Gi.iph I)* The gcncial level of conditioning 
as indicated by this iespouse was quite low, Only 2 of the 16 
animals {A?> and A\2) made caily witiuliawals in as many as 30 
pei cent of the trials^ Although these two were tiaincd al sliort 
intervals, 1/3 and 2/3 sec, respectively, too much emphasis cannot 
be placed upon their records Six othei animals trained at the 
same delay peiiods exhibited condiuoning compcaiable to that ob¬ 
tained at longer inteivals, These icsiilts ccitamly indicate that the 
difficulty in cstablishuig a conditioned flexion icflex, as icpoited in 
this and eailiei papeis, cannot be attiibuted to the use of a short 
interval of delay ^ 


It should be noted that the use of eaily icspoi\ 5 >cs ns nn iiulcx of let; 
responses is especially unfavorable to the short intcivals The shock, coming 
%MtUin I see after the onset of the buzz, masks any conditioned leg re¬ 
actions of longei latency. 

Whenever identification of animal is itnpoitaut, lus letter and inunljcr 
lave been placed on the graphs, Olher anlmalV icsnlts are plnUed but not 
niiiTibereu, to avoid confusion 
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eg ovements (Giapli II) If movements of active oi 
passive extension are added to those of flexion, and the resulting inci- 
enccs o a eg movements’ aie plotted, the cuivcs aie somewhat 
higiiei than those lepiesenting flexions alone Thcie is a roaiked 
rise throughout the long delay periods. It is believed, however, 
lat this use is ir pait an artifact. In the holdei employed, all 
animals made rather fiequent “spontaneous” postuial adjustments 
in the absence of obvious exteinal stimulation By sheer chance 
these movements would be more apt to appear during long delays 
than duiing shoit ones Thus, the mcieascd incidence of these 
minor leg movements does not indicate gicater effectiveness of the 
long peiiocls as the graph would suggest 

S\ia>t> ln,puaHons (Graph III) Fiom the solid-line curves m 
Graph III, it is clcai that, for Group A animals, the shoiter inter¬ 
vals were most effective foi conditioning “shaip inspiiations ” But 
ecause 0 tie obseivcd individual difteiciices between lats it is 
impossible to deteiraine exactly the optimal inteival. With intervals 
longei than 2/3 sec, conditioned inspirations made by SC rats were 
definitely deceasing The cuive for the IMoSC animals, on the 
other hand, shows its first major diop at the 4-sec interval There 
IS also some suggestion that the I/3-sec delay was infeiior to 2/3 

1 2/3-sec rats failed to surpass all foui of 

the 1/3-sec animals As indicated in Footnote 2, a measure based 
upon emly icsponscs is an unfavoiable index of conditioning at the 
short inteivals Had unieinfoiced “test” piesentations of the buzz 
cen used, the ficquency of "sharp inspiiations” at inteivals below 
techiuque"''^"^ than tliat recoided by tlie present 

All Bieathmg Changes (Graph IV) When one consideis all 
modifications of the late and form of bicathing, the g.ad.cnt of 
^ecnvcness over the different delay penods .s no longei apparent 
This IS especially true for the NoSC animals of the A gioup These 
ess specific breathing changes arc conditioned moie leadily than the 
more precise "shaip inspiiations,” and with this general index the 
longer intervals appeal fully as favoiable to learning as do the 
otheis. In the opinion of the writers, however, this is not as 
significant a measure as that involving a shaip inspiration of meas- 
ured amplitude 
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Spiicial Pnoci'DURrs and Tuhr Ri sulis (Groups li, C, and D) 

The results on the main cxpeiimcntal j^roup indicated that, as 
measured by the comlitioned “sharp \i\spiiation,’' the sluutci delay 
periods were most cllEcLtive It seemed desirable to make ccitam 
variations in tiaining procedure to test tliis conclusion under other 
conditions Twelve more lats wete studied in tliiee pinups of four 
each. On the giaphs then results aic indicated hv solid symbols, 
in contrast to the hollow ones used foi the animaK 

Gionp B The daily records of many of the animals in the 
staridard group indicated a falling off in the amplitude of response 
as training was continued, This is a i.ithci common occuiicncc in 
experiments employing clectiic shock ns a stimulus (10, H) To 
counteract this dcci eased eftectivciiess, the shock was inci eased to 
3 ma. aftei tiial 10 and again to ,4 ma, aftci tnal 15 on the second 
and thud experimental davs. Dining the later days it was adjusted 
to 4 ma at the outset and maintained at that value thiougliout 
the rest of the tiaining A second vaiiation was intinduced in the 
use of foui or five isolated (9) or "piiming” (5) shocks unaccom¬ 
panied by the buzz bcfoie each session Rats /il and B2 were trained 
with the 2-sec delay, and BZ and BA with one of 7 secs As usual, 
the cven-mimbcied lats wcic tiaiiicd with shoit-ciicuiting contacts, 
and the otheis without them 

As measured by leg withdiawals, the pcifoimancc of the animals 
trained undei these conditions did not diffci iiiateiially fiom that 
of the animals. One animal (Bl) developed a consistent ex¬ 
tension of tile foicleg as pait of a gcncial tonic change. In icgard 
to “sharp inspirations,” the 2-sec animals (Bl and B2) conditioned 
to the same degice as the coiicspondmg rats of tlie main gro\ip 
{ji7 and ^^8) But the animals tiaincd at the 7-sec. delay period 
(^3 and BA) showed a much higher incidence of shaip inspiiations 
than did the comparable animals from tlic stiindaid group {/III and 
A\2), Much of this impiovcment was manifested during the eaily 
trials of each session and may be nttiibuted to the ‘\vanning-up 
effect of the prelimmaiy shocks (10). The significance of tlicsc 
results will be discussed latei. 

Gfoup C This group was used to study the effects of changing 
the type of shock employed as tlic unconditioned stimulus It will 
be remembered that the stimulating appaiatus dcsciibcd earlier sup- 
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plied a half-wave lectified alternating cunent supposedly resulting 
in 60 shocks per sec For the present group, "C," a Harvard induc¬ 
tion cod was used. The primary was activated directlv (without 
interrupter) fiom a transformer. The resulting stimulating current 
presumablly had a faiily sinusoidal foim and deliveied 120 shocks 
per sec , free fiom polaiizing effects The induction coil sepaiation 
was adjusted to produce responses of usual amplitude. Rats C\ and 
C2 were trained at the 1-sec dehiy, while rats C3 and (74 were 
trained at 4 sec With the exceptions noted, the animals were 
tiained under the same conditions as were the lats of Group B 
The results with these rats were suipiisingly similai to those ob¬ 
tained from the animals in Group B except that G2 and (74 were 
very excited and showed frequent leg iclaxation At the short 
interval, Cl and (72 differed little fiom the coricspondmg lats of 
the standard gioup (/iS and A6). But the lats trained at 4 sec. 
((73 and (74) showed a much higher incidence of sharp inspirations 
than did A9 and AlO with which they are compared The change 
in the type of shock certainly had no effect upon the establishment of 
conditioned leg withdrawals. This result is in agreement with that 
pieviously reported by Schlosberg (10), so it is cleai that the change 
to alternating current has no influence on the rate of conditioning 
For diis reason the piesent data mav be grouped witli those from 
/« furnish fuithei evidence that the procedures 

( priming and incieasing shocks) which favor conditioned breath¬ 
ing are moie effective on the relatively unsatisfactoiy long delay in¬ 
tervals than they aie on the shoitcr ones 

Group D The fundamental purpose of this particulai experiment 
was to determine whetliei oi not a variable delay period would 
favor conditioning m the present situation. Each animal in Groups. 
Aj Bj and G had been trained with a constant, fixed interval between 
the onsets of buzz and shock Liddell (5) has stated that training 
with a vaiiable interval favois the appealance of eaily responses 
To test this question, two rats (Dl and D2) wcie trained with the 
buzz starting 1/3 to 2 sec. before the shock, and two more (D3 and 
^4) with a 1- to 7-sec interval The delay periods weie controlled 
by hand rather than by the timer and were presented in accoi dance 
with a prearranged "chance" schedule The aveiage of the short 
variable periods was 9 sec, and of the long variable 4 sec Rats 
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D\ and D2 were tiaincd iindci shock condktions simiLu to the 
gioup, but D3 and DA wcic shocked hke the lats. 

In Giaphs I thiough IV (Figuic 1), the icsults fiom the 
animals aie plotted at the average value of the mtcival Their 
level of perfoimancc is rcpicscnted by an aiiow oi dumb-bell to sug¬ 
gest the vaiiable ivatuic of the iivteivah Because of the shock con¬ 
ditions the animals of the shoit vaiiable cFclav (D\ and 1)2) bhoidd 
be compaied with rats of the ''J** PJioup {/15 and /JG) When 
tins IS done it is evident that the shoit v.uiable dchiy is no more 
effective than the coiiesponding fixed intcivaL The animals at 
the long variable period (D3 and DA) are compared witli animals 
of the '"B"' or "C groups Such a compaiison shows that the long 
vaiiable delay animals fall between i?3 and BA and betweecn G3 
and CA with regaid to eaily shaip inspirations, One of the animals, 
D4, markedly suipassed all othei animals tiaincd with inteivals 
longer than 2/3 sec, wllicn leg flexions are used as the index of 
conditioning His recoid might easily be attiibiitcd to individual 
variability, howovei, since his expciinaental mate, Z)3, was below 
the level of comparable animals by the s>aiiic index Tlicre is thus 
no clear evidence fiom these data that vaiiable delay penoJs are 
moie efFective than aie fixed intervals of similar duiation This 
conclusion should be limited to the lat under the picsent expeii- 
mental conditions and may not hold for animals higher in the phylo^ 
genetic scale.^ 


General Results 

U The Effecitveness of Vaiions htie)vah of Delay The icsults 
obtained fiom the animals of the mam cxpeiimciital (A) gioup 
indicate that the intcivals used are not all equally favoiablc to the 
establishment of conditioned shaip inspiiations, Sncli inspnations 
furnished the most satisfactory index and demonstrated that the 4- 
and 7-sec delays arc cleaily less effective foi conditioning The 
exact shape of the gradient cannot be dcteimined fiom the data 
available, but there is a suggestion that the decrease in cftcctivcncss 
is fiist seen at the 2-scc inteival Conditioning (in tcims of shaip 

Yurther details of these expeuments, including piotocola foi each .immal, 
may be found m the Master^s thesis of the jiinioi author, on file in the 
Brown University Library 
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inspirations) was also less effective below 2/3 sec This fall may 
be appaient rather than real, since some caily responses may have 
been masked by the shock at the 1/3-sec delay period. The varia¬ 
tions in effectiveness as deteimined for the rats of the gioup 
are in substantial agicement with those obtained by Schlosberg for 
tlie human knee-jerk (8), Wolfle foi the hand withdrawal m man 
(12, 13), and by Yarborough (14) and by Warner (11) for the 
flight of lats fiom the ensuing shock If the conditioned stimulus 
had been a single stiokc of a bell, rathei than the continued sound¬ 
ing of the buzzci, the diminished effectiveness of the longer delay 
peiiods might be attributed to a waning of the effects of stimulation 
Tlius Hunter says 

“ one atimulua (conditioned oi unconditioned) must be suffi¬ 
ciently recent to fall within the range of the antecedent and 
subsequent gradients if it is to be connected with another stim¬ 
ulus (unconditioned or conditioned) by means of learning” 

(4, pp 310-311). 

But m the present situation the buzz lasts until the shock is pre¬ 
sented Therefore any gradient in effectiveness must occur dunng 
the actual duration of the buzz There is no reason to believe, 
however, that the buzz is an equally effective stimulus througliout 
Its duration Indeed, psychologists have long recognized the waxing 
and waning (cf., Ankltngen* and ^'Abkhnffen') of the experiences 
resulting from continuous stimulation If such waxing and waning 
of the effectiveness of the buzz may be assumed in the piesent situa¬ 
tion, the more extensive conditioning at the modelately short inter¬ 
vals of delay is not surpiising It is simply another example of the 
familiar relationship between the strength of the conditioned stim¬ 
ulus and Its effectiveness in establishing a conditioned response. 

2 Effect of P} elimtnm y and Increasing Shocks, When condi¬ 
tions were modified bv the use of prcliminaiy shocks and shocks of 
increasing intensity, the giadient in conditioned shaip inspiiatloiis 
disappeaicd The modified technique was much more effective than 
the standard one at the 4- and 7-sec inteivals, but yielded about 
the same level of conditioned iiispiiations as the standaul method at 
the 1- and 2-scc delay periods This might be understood by con¬ 
sidering the level established by the short delay peiiods to be near 
a “Physiological Limit” m legaid to rcspiiAtoiv changes Thus 
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there would be moie chance for the mocli/icd conditions to show 
theit effectiveness at the long inteivals where conditioning w.is 
clearly below this limit But, if we consider otliei indices of con¬ 
ditioning, as the leg withdiawal, it is cleai that the aminals of this 
experiment were well below the limits of conditioning described 
elsewhere (10). The changed shock conditions which incicaseil the 
incidence of sharp inspnation did not modify the level of leg reactions 
A more piomising approach may be made if wc consider that the 
B, Cj and similarly trained D .animals were generally more excited, 
as indicated by intermittent squealing and stiuggling between trials, 
than were the animals of the standaid group* The excitement may 
very well have delayed the subsidence of the cential effects of stimu^ 
lation so that they were as strong near the end of the h\3Zi «as they 
had been at the beginning This statement docs not imply any spe¬ 
cial view of cortical functioning, for continued central activity may 
be the result of circular reinforcement from the responses of muscles 
and glands. Indeed^ continued widespread response to stimulation 
constitutes excitement as it is used here. If the effects of stimulation 
by the buzz last longer under the changed conditions, it is easy 
to see why the long intervals would be as effective as the shorter 
ones The low record of B2 docs not fit this view. If 10 rats 
instead of 1 were represented by each point on the graphs, it might 
be possible through graphical analysis to infer a second process winch 
became effective under the changed conditions for the 4- and 7'-sec. 
delay intervals. But in view of the marked variability of the rats 
it seems preferable to avoid such an interpictation, and to adopt one 
which IS less dependent upon single animals. The view that has 
been suggested above is reasonably consistent with the results ob¬ 
tained from 9 of the 10 rats trained under the modified procedure 
{B\y B3, B4, Cl, C2, C3, C4, D3, D4). It may, therefore, be 
accepted in a very tentative fashion subject to later verification, 

3. Effects of the Short-Gircuiiing Goniacis In the first major 
paper of this senes (9), Schlosberg reported that the inclusion of 
contacts so arranged that the shock was terminated or pi evented by 
the tail withdrawal did not increase the degree of conditioning, Slmi” 
lar results with the leg witlidiawal were presented in the second 
publication (10). In each paper, mention was made of the fact 
that this finding was not what one might expect from the ^*law of 
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effect ** The animals did not learn more rapidly in the situation 
in which ^^SDCcess*’ in avoiding the shock was possible It was thought 
deshable to obtain furthei data on this question with respect to 
vaiying peuocls of delay and so the animals, with the exception of 
the four controls, were all trained in pairs. The odd-numbered 
animals received a shock of fixed duration (1/3 sec ), while the 
even-nuinbered animals terminated each shock if tliey withdrew 
their legs and maintained the flexion until the termination of the 
buzz, 

A review of the graph which presents the data on leg withdrawals 
or flexion indicates that six of the SC animals made these responses 
more frequently and six made them less ficqucntly tlian then NoSC 
mates The average incidence of this reaction for the NoSC group 
was 14 pei cent and foi the SC group 13 pet cent But, m these 
withdiawals, the SC animals rarely avoided the shock, even though 
it was thcoietically possible An examination of the kymograph 
lecords showed that no animal made the sustained contraction 
necessaiy for avoidance of the shock in more than thiee of the 125- 
150 trials Tn some cases there were more than this number of 
accidental omissions of the shock Since the ‘^successful” with¬ 
drawal was so infrequent, the law of effect is inapplicable to the 
behavior of the animals reported in this study 

When SC and NoSC animals aie compared on the basis of sharp 
inspirations, the NoSC technique seems to be more effective. In the 
12 pans, only foui of the SC animals suipassed their mates and this 
was by a small maigin in each case The average incidence of sharp 
inspiiations in the 12 NoSC animals was 78 per cent, that for the 
SC group, 59 pei cent It is cleai then that the use of the SC 
contacts makes for a less consistent conditioned sharp inspiration. 
This lesult might have been expected since the leg reaction in this 
situation shortened the shock duration to about .1 sec, The SC 
animals leceivcd a shock whicli lasted only a third as long as that 
delivered to the NoSC rats and in consequence did not condition as 
readily The differences in this study are more marked tlian those 
reported previously by Schlosberg, laigely because the shock of fixed 
dmation was 1/3 sec in the piesent studies as contiasted with 1/6 
sec. m the earlier studies. In the behavior of the animals, tlie dif¬ 
ference between 1/3 and 1/10 shows up more clearly than that be- 
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tween 1/6 and 1/10, The longer shuck, thiough snmmaUon of its 
elements, lias a stiongei eficct on the animal and brings more exten¬ 
sive conditioning, 

4 Tike N/iiwe and Development of the Responses. In the foie- 
going sections most attention has been directed to leg withdrawals 
and shaip inspiiations, the two responses that lurnislied the best 
indices of conditioning In this section, all of the iespouses will be 
consul cted in an attempt to foini some impicssion of thcii nature. 

The first feature of the response to appear was usually the breath¬ 
ing lesponse. It began as a minor incgulaiity in the icspiiatory 
pattern and was soon displaced by the sharp inspuation, usually ac¬ 
companied by a squeal With some of the animals, this squeal even¬ 
tually became the first of ti series of squeals which continued through¬ 
out the entire period of delay While the breathing reaction was 
developing, many of the rats also developed a comUlioncd tail re¬ 
sponse, gcneially consisting of a stiffening latlici than a flailing of 
this member Leg icactions weic the last to appeal and often con¬ 
sisted largely of relaxations or extensions rather than of specific 
flexions The withdrawals which did occur weie most ficqucut in 
the early sessions, occurring as pait of a struggle oi staitle iespouse. 
It may he seen that these responses are all diffuse, rathei thavr specific, 
and that tlie least precise ones developed fiist. The opposite of this 
order was observed during extinction senes, Seven animals {Ai, 
4, 9, 10, II, 12, 13) were subjected to a sciies of unicinforced buzzes 
at the conclusion of the sixth training session, The conditioned stim¬ 
uli were of their usual duiation for each animal and weie scjiarated 
by 30-sec, intervals One lat (/f3) showed no decrement whatso¬ 
ever aftei 25 stimulations. The other six showed a piogicssive 
weakening of the bicathing response and tX fallmg-out of the skeletal 
reactions until the conditioned response xvas almost completely elimi¬ 
nated by the 25th or 30tfh uiiiemforced piesentation, Two of the 
animals gave more responses during the extinction senes tluir they 
had during the regular tiaimng. This mcicascd activity, liowevei, 
was short-lived and did not refute the gencial statement that the 
least specific reaction, the first to appear in learning, was the last to 
be extinguished 

The most specific of the responses to shock, the leg withdiawal, 
did not become conditioned to any appieciable extent m the six cv- 
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perimental sessions. In gencial, the animals' behavior was typical 
0 tie eai y stages of the conditioned reactions as obseived m 
iigicr anima s (as dogs) Ccitain of the lesponscs weie intimately 
related to excitement Of the 28 animals employed, the 7 most 
excited, as judged by the frequency of squealing and stiugglmg be¬ 
tween trials, weie among the 10 animals which made most frequent 
tai leactions Similaily, six of these seven excited animals weie 
included in the gtoup which demonstiated “regular squealing” dur¬ 
ing the sounding of the buzzei As noted above, much of the im- 
piQvement attending the use of pieliminaiy and increasing shocks 

may be attributed to the greater excitement induced by these condi- 
tions 

Additional evidence of the non-specific natuie of the conditioning 
and Its 1 elation to excitement is seen m maiked geneialization on the 
stimulus side Tactual stimulation on the back oi legs of tlic animal 
mvaiiably iclcased typical inspiiations, squeals, and stiugglmg in 
which the leg and tail paiticipatcd Weaker stimuli, such as tapping 
on the table, often elicited squealing 

Still another indication of the unstable level of conditioning was 
the rare development of a patteined reaction, that is, a response in 
which any one breathing change was consistently accompanied by the 
same leg and tail reactions from tiial to tnal Only tliicc animals 
Kd6,in, and D2,) exhibited such patteined behavior 

Finally, although the temporal fcatiiies of the situation made it 
one 0 t e delayed reflex type, genuine delayed responses were al¬ 
most nevei obseived The conditioned leaction typically began 
immediately after the onset of the buzz and was not related in its 
tune of appeal rince to the actual delay peiiod 

These results, all showing that conditioning never developed 
eyond a relatively early stage, arc quite in keeping with those pie- 
viously rcpoitcd by Schlosbeig (10) Conditioning piogiesses some- 
wiat further in these lats than Liddell leports foi labbits tiained 
under comparable conditions, but not ncaily so fat as in Liddell’s 
sheep pigs, or goats (5) In experiments whcie lats are allowed to 
lun fiom shock (1, 3, II) much more rapid and specific leaining 
occuis The difference would seem to be m the combination of 
shock and restraint. These conditions pioduce in the rat a state 
of excitement winch is not conducive to the development of precise 
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responses Schlosbcrg has suggested a similai interpretation m an 
eailier papet (10), and the icsults of the picseiU cvpcrimcnt support 
this view 111 every way. 

Considennji the sciies of papers as a wludc, it may be seen that 
many expciimental factois have been vauccl hut no set of conditions 
has yet been found under which a specific witluliawal of the rat^s 
foreleg may be consistently elicited hy a new stimulus (light or buzz) 
associated during tiaining with the shock It now seems clear that 
the general situation is unfavorable for such conditioning with the 
white rat 

Summary and Conclusions 

L Twenty-eight lats Avere tiaincd iii a simple “delayed icflcx" 
type of conditioning situation m which a buzz Avas followed by an 
electuc shock to the light foreleg Six sessions of 20 tiials each 
compused the tiainmg pciiod 

2, Each animal was trained at one of eight petiod^^ of delay (1/3 
sec., 2/3 sec, 1 see > 2 see., 4 see, 7 sec, shoit vaiiablc, and long 
variable) 

3. Undei “standaid’^ conditions, the 2/3- and 1-scc inteivals 
Averc more favorable to the development of conditioned shaip inspira¬ 
tions than weie the longci delay periods, This result is attributed to 
a waning in eftcctivcness of the buzz as it continued ovci a peiiod 
of several seconds 

4 Under modified (“strongci*’) sliock conditions, thcie was no 
clear gradient of the eftcctivcness for the several intervals, as meas¬ 
ured by the same index Such shock conditions led to excitement 
which apparently delayed the waning in effectiveness of the buzz. 

5 The frequency of conditioned leg flexions was veiy low un¬ 
der all conditions Variable delay periods Aveie no moie effective 
than Averc fixed ones m eliciting this reaction. 

6, Due to the infrequency of withdrawals which resulted in the 
complete avoidance of the shock, the law of effect is inapplicable to 
the leg withdrawal reported in this paper But the caily tcimination 
of the shock by leg withdiawal diminished its effectiveness in es¬ 
tablishing conditioned breathing reactions. 

7. Breathing, tail, and leg reaction developed in the order named, 
and fell out in reverse order during extinction. 
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8. The lesults of this nnd of earlier papers indicate that the 
white lat. when lestrained and shocked, can readily develop diffuse 

responses Moie specific reactions, as leg withdrawals, are rarely 
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n recent years a rather large number of new chionoscopcs have 
een developed. Those who developed the new instruments have 
usua Iv presented some data on their accuracy and constancy, but 
lelativcly little information is available in regard to the way these 
instruments actually perform in the hands of other expeiimentcis, 
Dunlap (3) has reported such data on a number of chionomctnc 
devices, but he did not test the recent stop-clocks (1), the vacuum 
tube chronometer (4) or the oldci and excellent Delabane Syn¬ 
chronous Motor Chronograph (2) Fuithci, lus icsults on his own 
instrument weie obtained from earlier models, rathci than fiom the 
more recent Stoelting instruments Dallenbach’s (1) leport on the 
stop-clocks does not piesent data in icgard to the absolute eiror of 
these convenient instruments, but merely indicates then vailability 
To fill in these gaps, the present writer tested nine instiumcnts of 
seven diffcicnt types, using constant intervals, and comparable con¬ 
ditions for each instrument, The lesults of these tests are pie- 
sented in the present paper 

To fuinisli the constant intcivals, a simple gravity timer was 
constructed To adapt this timer to ceitain of the instiuments it 
was necessary to devise a balanced iclav I5oth timei and relay will 
be dcsciibed befoie the tests on the clironoscopcs arc piesentcd. In 
passing, it sliould be noted that the balanced relay makes it possible 
to use the wall model of the stop-clock as a dcmonstiation iiistiu- 
merit, in conjunction with any or all of the Dunlap equipment 

A Simple Gravity Timer 

No attempt will be made here to discuss in detail the advan¬ 
tages and disadvantages of various devices foi obtaining fixed intci- 
vals of time The aiiangement to he desciibed has the advantage 
of simplicity of constiuction, and is leasonablj^ constant It consists 

*Received in the Editorial Office on April 24, 1936 
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essentially of a weight which falls along a loosely-fitted hi ass rod 
and briefly interrupts several contacts as it passes thcin. Details of 
its construction may be obtained from Figuic 1* Tins figuic also 


GRAVITY TIMER 
jfDC rnoNT 



FIGURE I 
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shows the balanced lelay and connections appiopnatc for the con¬ 
trol of the stop-clock. The metei stick shown on tlic timer may 
be used as a scale for detci mining the dimensions of the various 
parts A cuivc (based on ^ 980 cm / scc^) was constructed, 

and the contacts were placed at the following distances and (theo¬ 
retical) temporal intervals fiom the staitmg-point • No 1 at 4 9 
cm or 1 sec,, No. 2 at 44 1 cm, oi 3 sec , No 3 at 78 4 cm oi 
.4 see. W^ith this aiiangement the weight already had considerable 
velocity before it hit contact No. 1, so that a vaiiation of 1 mm. 
in tile placement of this contact would intioduce an crroi of only 
1 ms, A similar displacement of contacts 2 oi 3 would cause errors 
of 1/3 ms 01 of 1/4 ms*, respectively, Contacts could be placed 
within 1 mm of the calculated position, and did not vaiy with 
use Additional eiiors were intioduced by the resistances of the 
contacts, and by friction between the haid-iubbei bushing of the 
weight and the polished brass lod It was nccessaiy to dctcimine 
the magnitude of these errors before the instrument could be 
used. This was done with the Delabarre Synchronous Motor 
Chronograph (2), which will be described below The interval 
between contacts 1 and 2 was found to be 308.7 ms, instead of 
300 ms, and the shoiter interval between contacts 2 and 3 meas¬ 
ured 102 05 ms., instead of 100 ms The vai lability of tlie timer 
could not be determined by the chronograph Results with the 
Dunlap Chronoscopc (to be presented below) indicated that the 
mean variation of the shortei interval was less than 5 ms , and of 
the longer interval, not more than 1 ms In summaiy, the shoit 
interval may be taken as 102 5 ms,, and the longer one as 

308,7 ± 1 ms. 


The Balanced Relay 

As indicated in the Introduction, this lelay was built to convert 
the break-break of two different ciicuits, as used witli the Dunlap 
Reaction Board, into a closing and opening of the circuit through 
the clutch of the stop-clock In practice it was found veiy useful 
in testing other instruments which employ a make-break of the con¬ 
trolling circuit A combination of the relay and the gravity timer 
described above made it possible to test every time^mensuring 
instrument in tlie laboratoiy 
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The relay and its coiincctions aic slio^vn m Fij^uic 1 It is simply 
an inexpensive iclay (Novel Fonn Poiiv Kclay> J IT Hunncll & 
Co, N, Y,) to winch has been added a second pan of coils, in 
place of the spiing. To insuic an adctpiatc match, tlie additional 
pair of coils was talccn fioiii anothci relay of similai design When 
the circuit through magnet /I is hue fly intcruipteii, the a i mature 
moves to one side, closing the sccondaiv cucuit This movement 
introduces a latency of 7-9 ms When the ciicviit thioiigli coil B 
IS broken, the armatuie letvims, opening the cnntacis with no 
apparent latency Thus, the relay dccicascs the actual mtcival by 
approximately 8 ms,, depending slightly on the distance the aima¬ 
ture IS free to move, Tlicse chaiactciistics wcic mcabuicd by re¬ 
cording the changes in the vaiious ciiciiits, togctlici iMth a 120- 
cycle time line^ on a lapidly moving kymogr«iph drum. 'Flic iclay 
has woikcd consistently foi bcveral thousand leadings, and has been 
used with Dunlap Voice Keys, as well as with tlie timci When 
the lelay is to be used with the Dunlap Reaction 11 on id, tlic two 
magnets should be connected in place of the cluonoscopc magnets, 
If It IS desirable to keep the Dunlap Chionoscope in the ciicuit, 
chronoscope and jelay magnets may be connected In pa i all eh Since 
there aie other resistances in the cncuits, the icsistanccs of the 
relay coils should be high enough so that they will not sluint too 
much current from the chionoscope coils. The magnets of tlic 
Dunlap Chronoscope dcsciibcd below weic found to have a lesist- 
ance of about 7 ohms With 20 ohm coils jn the relay, the Dunlap 
Chronoscope wo iked in a normal fashion, if the battciv was fully 
charged. In passing, it should be pointed out that in the tests to 
he desciibcd below, ui which the giavity timci was employed, the 
resistances of the vaiious instruments ’vvcie not paiticulaily signifi¬ 
cant, for they were all large ni compaiison to those of the timing 
contacts and leads. 

The Delabarre Synchronous Motor Chronograph 

This instrument was described by Piofcssoi Dclabaiic (2) 14 
years before Dunlap first described his instiiinicnt It employs a 

The time Jine was pjodiiced by the tuned vil)i,itoi desciibed by tlic jircs- 
ent writer (S), It Is no larger than a Btandard marker Compait 
comment on a similar Instrument (3, p 7). 
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kymograph drum, duvcn by a synchronous motor at the rate of one 
revolution in two seconds The length of the interval to be meas¬ 
ured IS determined by measuring the length of a line drawn on the 
smoked surface by a marker For simple auditory reactions the 
stimulus IS furnished by the click of a wooden point as it falls on 
the writing surface The response is the depression of a lever which 
directly lifts the writing point from the paper Assuming the 
alternations of the controlled AC to be accurate," there would 
seem to be no possibility of a constant error in this measurement 
For recoiding other types of stimuli and icsponscs, a light electric 
marker is used The armature of this maikcr is mounted so that 
breaking the circuit through the coils permits the point to leave 
the papei, to which it letiirns after the ciicuit is reestablished The 
break m the recorded line is much clearer than the more usual lateral 
deflection, for the tension of the writing point on the smoked sur¬ 
face gives It an initial acceleration, instead of retaiding its move¬ 
ment 


TABLE 1 

Summary of the Data Obtainfd from Five Chronomftric Devices 
Ench entry is computed from a group of 10 successive readings 


Delnbnrre Hipp Duninp Pendulom S E, T, Co 


Trials 

Chronograph Chronoscope 
Av M V Av MV 

Chronoscope 
Av MV 

Chronoscope* 
Av, M V 

Stop-clock* 
Av MV 



// 

At the short interval (102 ms ) 




1-10 

102 3 

120 

102 1 

1 54 

991 

1 12 

126 0 

2 90 

103 2 

1 8 

11-20 

102 6 

88 

101 s 

88 

97 4 

72 

122 9 

2 50 

107 1 

3 52 

21-30 

101,8 

48 

101 3 

76 

96 4 

56 

122 1 

1 52 

111 0 

30 

31-40 

101 5 

.80 

100 & 

1.04 

97 3 

70 

123 6 

100 

108 3 

3 62 

Average 

102 1 

84 

101 5 

106 

97 5 

78 

123 7 

1 48 

107.4 

2 99 



B 

At the long 

interv*!! (309 ins ) 




1-10 

309 3 

2 10 

303 6 

2 08 

302 6 

88 

309 7 

1 30 

323 1 

4.88 

11-20 

309 2 

1 80 

302 6 

2 48 

301 5 

1 30 

307 1 

1 48 

318 0 

3 60 

21-30 

308 5 

1 SO 

3041 

172 

302 4 

1,36 

309 6 

1 68 

314 9 

2 48 

31-40 

307 6 

2 32 

299.7 

1.57 

300 5 

70 

3047 

2 36 

312 3 

3 96 

41-50 



304 0 

1 60 

301 8 

1 12 

310 5 

2 60 

315 6 

2 88 

Average 

308 7 

1 93 

302 8 

1 89 

3018 

1 07 

308 3 

1 88 

3168 

3 56 


♦These readings would have been 8 ms greater if the relay had not 
been used 


member of the Engineering Department of Brown University estimates 
their accuracy to be better than 1 per cent 
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For measuring the mtcivals produced by the gravity timer, all 
three pairs of contacts wcic connected in senes tliioiigh the marker 
and a single storage ceil As the weight passed each contact the 
wiiting point left the smoked siiiface foi a biicf time (2040 ms), 
so that n single lecord would show a line with tiucc breaks in it 
Foity such lecords were taken, and the distances between breaks 
1-3 and 2-3 weie measuicd, The .ivciagc of tlicse mcasuiemcnts 
(Table 1) showed the long intcival (contacts 1'3) to be 308.7 ms 
in (luxation A similar avciagc for the short intcival {contacts 2-3) 
was 102 05 ms Since the diiim was tinning at constant speed, and 
since measurements weic made from break to bicak of the same 
marker, tlieic would seem to be no possibility of a coubtani ciror 
m these aveiagcs, Fuithei, tlic lesultb aic clcaily what might be 
expected, for they show that friction between the falling weight 
«nnd Its guide rod decieased the speed of fall by ap|no\lmatcly 2 
per cent. Cuiioiislv, a change of thb magnitude had been predicted 
by a trained physicist who had seen the giavity tiiuei before it was 
tested 

The vauability of the leadings was moic pionounced The nicaii 
variation loi tlie shorter interval was ,84 ms, and foi the longer 
one, 1,9 ms. These eriois aic less than 1 pei cent of the intervals 
measured, and aic due largely to eiiois of intcipolation in leading 
the records, The mcasuiemcnts wcic m«idc on a scale on wliicli 
10 ms 1/8 inch. Sucli vaiiability is not a serious disadvantage 
for most psychological studies, and is moic than conntcibalanced 
by the absence of a constant cnoi. In fact, this chionogiaph is the 
only one of those tested that the wiitcr would tiust without ficiiiicnt 
calibration, if auv piccision was desued, The sliglit mcouveaieiKC 
involved in prepaiing the drum can undoubtedly be ciccicased bv the 
use of clifieient recording surfaces, and the tiouble of mcasuiing 
the lecords is scarcely greater than that involved in subtiacting suc¬ 
cessive readings of the Hipp One of the majoi advantages of the 
chronograph lies in ceitain ingenious aiiangcmcnts which make it 
possible for a person to measure his own auditory icaction-times 
without the aid of another person, In shoit, this latliei neglected 
instnniient has many dcsiiable features 
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The Standard Electric Time Company’s SW 61 

This instillment was tested simultcineously with three others 
(Dunlap, Hipp, and Pendulum) so that the results, as presented in 
Table 1, aie stiictly compaiable for all fom instiuments The re¬ 
maining instiuments used in this study were tested separately^ since 
It was not possible to wiie them all into the same ciicuit 

The synchionous motor of the wall model of the electiic stop- 
clock was connected to the legulatcd lighting ciicuit The clutch 
was connected to a well-charged 6-voIt storage battcij^, tluougli the 
contacts of the balanced relay, as shown in Figure 1 Foity read¬ 
ings were taken at the short inteival, and 50 at the longer one 
The dial of the clock is divided into .01-sec. intervals, but the posi¬ 
tion of the hand was estimated and recorded in 001 sec. Tlic aver¬ 
ages and mean vaiiations of successive gioups of 10 leadings arc 
presented m Table 1, For the short inteival (102 ms ), the average 
of the means was 107 4 ms, and of the mean vaiiations, 2 99 ms 
The range was 98-118 ms. For the long mtcival (309 ms) the 
average of the means was 316 8 ms, and of the mean vanations, 
3 56 ms., while the range was 304-320 ms At least 2 5 ms of the 
variability must be attributed to the clock This value compares 
favoiably with one of 4 ms reported foi a similar instrument by 
Dallenbach (1) The constant error of 8 ms foi the long inteival 
and of 5 ms for the short one represents the ovci-all efficiency of 
clock and lelay As noted above, the relay had a latency of 8 ms , 
so if the clock had been used without the lelay its error would have 
been approximately +15 ms This constant ciior is due to the 
clutch mechanism in which an electromagnet Is opposed by a spring 
Fiutlicr, the error might be expected to be difteicnt foi different 
clocks, or for the same clock under different conditions of cut rent, 
temperature, and age The error is a terminal one, and would not 
increase with the length of the interval measured It can be elim¬ 
inated by removing the back and tightening the spring which op¬ 
poses the magnet, but perhaps a simple substiaction of 15 ms (or 7 
ms. when the relay was used) would be more convenient 

The stop-clock IS an cxticmely convenient instrument It may 
be reset by piessing a remote-control button As Dallenbach has 
indicated, tlie hand docs not always return to zero, but with the 
particular instrument leported here the leset is always complete 
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if tliG button IS clepicsscd foi a full second- The jiujtor may run 
at half speed foi a few minutes on a cold clay, but it soon warms 
up and runs at correct speed This may be due to the fact that 
the Telechron motor is mounted on its Mile, CtUismft mcicased fric¬ 
tion The clock is constant foi ouiinaiy class woik, and is 

particularly valuable foi laigc dcmonstr<itH}nb, because of its lO-inch 
dial Demonstrations of reaction-time measurement have been dif¬ 
ficult in the past, foi they necessitated ji speciallydnult instiumcnt, 
sucli as Wundts (6) With the stop-dock and balanced lelay 
such demonstrations aie simple and inexpensive-^ 

A small model [SI) with A-C* clvitch and a dial leadmg to 1/300 
sec was tried out It was quite vaiiablc and hard to icad The 
later SCI described by Dallenbach (1) seems to be moic constant 
The latest model has a moic convenient dial, leading to .01 sec., 
and is probably moic constant than tlic wall modoh 

Tiic Dunlap Ciiuonoscopf 

Tile instrument tested was one of Stoclting’s Type Cj pin chased 
in 1927, and modified at a later date to le.id in ins when used with 
rectified A.C It has had fairly heavy iiiLeiinittcnt use since its 
purchase, and has been ovci hauled by the Stock mg Co on one oc¬ 
casion, When It was xepniicd, a felt washer was added to the shalt, 
in an attempt to keep oil out of the clutch plate 

The average of the first 10 readings at tlic sliort iiUcival was 
97 52 ms. The third group of readings gave an average of 

90 7 ± 2.36 ms. Previous c:xpericiice lud indicated that this type 
of change was caused bv oil on the clutch So, despite the fact that 
the clutch had been cleaned on the pievions dav, tile cliionoscope 
was taken completely apart and cleaned Dunlap (3) has sug¬ 
gested the occasional insertion of a piece of paper between the plates, 
but this piocedure is difficult with this paiticulai model, and does 
noe give very lasting impiovcment The chronoscope was then put 


“^Very effective voice keys, similar to UunlapS, may be made mthcr 
easily if cellophnac is used foi the membranes A pair of extia voice keys 
makcj it possible to use the clock ns an additional instiiimcnt when an 
ejcpcnmenlal group is studying association-timc. As a mniter of fart, voice 
keys are probably no more accurate than Up keys, oi even liand keys, for 
such purposes 
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back into operation, and the results included in Table 1 weie ob¬ 
tained They icprcsent the peifoimaiice of tins particular instru- 
naent iindef optimal conditions. For the short interval the mean of 
the four averages was 97 52 ms dz 7S ms. For the long interval 
a conespondmg aveiage was 301 8 ms =b 1 07 ms. Most of the 
vauability mav be attnbuted to the timoi But theic seemed to be a 
constant erioi of approximatclv 5 ms In view of Dunlap^s state- 
inent (3) that ‘Viopeily adjusted and connected, the instrument 
shows no eiror,” it seemed dcsiiable to find the source of enoi. It 
could hardly be attributed to the gravity timci, for fnotion or con¬ 
tact icsistance cannot make the weight fall fastet than 980 cm /sec,^ 
The three souices of eiior that Dunlap suggested in tlie same paper 
were also checked, with the following lesults 

1 JJnbnlauced Cucnifs lack of balance must have been 

m the instiument itself, for the lesistance of contacts and wiring 
were insignificant The resistance'? of the cods of the instrument 
weie tested and found to be essentially equal 

2 Oil on the Clutch The whole motor had just been cleaned, 
and no additional oil was added to the front beaiing. Hence, no 
oil could leach the clutch This difficulty is a scuous one, and 
makes the chionoscope unreliable if more than an annual drop of oil 
IS used on the front bearing 

3 I'Fear on the Fioni Beating Dunlap^s test was hard to 
apply on this instiument, because of the additional geaiing But this 
tiouble bcems the most hkelv cause of eiior, for the vnliability of 
the instiument was much gieatci if the hand was not lesct aftei 
each reading Appaiently the initial point fiom which the hand 
staits has an effect on the opciation of the clock 

4 An Additional Sonice of Eiioi. Not mentioned by Dun¬ 
lap, It may be mtioduced by the play m the additional gearing made 
necessary by the change m the dial noted above The hand could be 
moved through 4 ms when the foiward magnet was holding the 
clutch plate on the biake Foi all the leadings picscnted in this 
paper, the hand had been leset by a backwaid movement (decleas¬ 
ing readings) foi it always stopped with the play taken up in this 
direction If this piecaution had not been taken, the variability 
would have been much gi eater 

But, whatever the cause of tlic eiiois, it is clcai that this par- 
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ticuUr instrument was £ivinK values some 5 ms shoiici than the 
actual durations oi the test intcivaU, even when operated with 
great care As the instrument is apt to he used iii a hihoiatory for 
routine measuiement, it yielded vciy inaccuiate results This state¬ 
ment should not be iiitcipictcd as a uiticisin of the piinciplc o^ the 
Dunlap Chionoscopc, hut only of one sample of this paiticular 
model. Fmthei^ when the instiumciit is used with the icactioii 
board, the erroi may he much gieater than when tested alone. The 
interval between the presentation of the stimulus and the staiting 
of the chroiioscopc depends upon the speed with which tlic com¬ 
pound key is depressed. 

Tub IIipp Cjironoscopi- 

Tile iccord of this instiumcnt (Pcyci, Favaigci “Newei form”) 
will be piesentcd largely foi compaiative pin poses Refoie it was 
tested at the shoit intervals it was ariangcd foi opciation with bal¬ 
anced magnets, and connected in paiallcl with the Dunlap. Several 
runs of 60 see. each showed that the Hipp was junning between 
1 pel cent and 2 per cent slowci than tlic Dunlap. At long inter¬ 
vals such as thesej small tcrtiunal cirois aie of no consequence, so 
It was cleai that the reed of the Hipp was vibrating too slowly. 
An attempt was made to coircct this enoi bv adjusting the damper 
on the reed, but it met with mdiffeiciit svieccss. It is probably moie 
simple to make a numerical coircction for this erioi, as Titchencr 
has suggested (6). The instrument was then tested on the two 
fived intervals. By lefeiring to the results (Table 1), It niav be 
seen that the short interval gave an aveiagc leading; of 101 5 db I 06 
ms, and that similar figures for the long peiiotl weic 302 8 ± 
1.89 ms These figures suggest a slight tciminal eiroi of 1 oi 2 
ms, in addition to the lunning eiioi of 1 or 2 pci cent If collec¬ 
tion is made foi the lunning ciioi, the Hipp is probably slightly 
more accuiatc, but also more variable than the Dunlap Much of 
the variability i$ to be attributed to the escapement, foi similar 
variability was noted dining the 60-sec, tests Furthcrmoic, in 
spite of great care tn starting the motoi, it will OLtasionally run at 
half speed without any change in its sound. One such leading was 
obtained in the senes lecoidcd, but has been omitted fiom the 
averages. But, in spite of these disadvantages, the instiumcnt is 
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far from obsolete. If the picscnt wiitei weic buying a new chiono- 
scope for its utility, he would piobably not choose a Hipp But, 
on the othei hand, he would hesitate to discard one he already had 
111 place of a moie lecent instrument 

The Pendulum Chronoscope 

The fiist instiument was purchased fiom Willyoung (Philadel¬ 
phia) many years ago It is cahbiatcd in 01 see Fiom the 
results piescnted in Tabic 1 it may be seen that its variability is 
about the same as that of the Hipp The absolute value of the 
readings is essentially coircct at the long inteival, but 25 ms too 
high at the shoit one The speed of the pendulum may be changed 
by moving the conntei-weight, but such modification would change 
only tile point at which the leadings wcie conect, unless the scale 
could be moved This cannot be done The instrument can piob¬ 
ably be adjusted so that a concctioii factor in sigma can be dctei- 
mined Fm routine woik the pendulum chionoscope is veiy con¬ 
venient Its chief disadvantage lies in the coaiseness of the scale, 
particulaily at the ends 

A second model of this instrument (Leeds) makes one swing 
in 2 sec , instead of m one Since the intervals available on the 
timei weic too shoit foi this lange, the pendulum chronoscope was 
attached to the Dunlap, thiough the balanced relay, and tested. 
The leadings will not be lepioJuced, for they cannot be heated 
in a maiinei compaiable with that used foi the otheis. Foi inter¬ 
vals of 1600-2000 ms the pendulum was in substantial agiecment 
with the Dunlap, but lead 20 ms too high aiound 300 ms The 
comments that weic made in the preceding paiagiaph may be ap¬ 
plied to this model. 

The Cenco Impulse Counter 

Two caily models of this instiument were purchased in 1931. 
They have been rctuincd to the factoiy foi rcpaii at fairly fie- 
quent intcivals, foi they get out of adjustment lathci lapidly when 
used at 60 cycles (120 impulses pei second) Neither instiument 
had been used since the last tiip to the factory Each one was con¬ 
nected to the timer thiough the balanced lelay, and tested at vari¬ 
ous voltages supplied by a toy tiansfoimer. The fiist instrument 
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gave 10 successive leadings of 36/120 sec, for the 300 7>-ins intcr- 
vai, when operated at 16 volts At 18 volts 2 of 10 readings were 
1/120 sec too long. At 21 volts the instrument skipped hadly, 
and failed completely at 24 volts. The toiintci was then tested 
on the othci side of the optimal voltage* Out of 10 leadings at 14 
volts, one was a scale division ton long, and aiiothci a iiiiil too shoit, 
SimiLu results weie obtained at 12 volts, but hclow tins value 
the instrument again skipped and stopped On the 97-tns interval, 
at 16 volts the readings alternated between 11/120 and 12/120, 
with an average of 97 ms Thus, at its best voltage this counter 
was accurate beyond one scale unit 

The second of these two instillments was inoic vaiiablc At 14, 
16, and 18 volts the readings for the 300-ms inteival vaiicd between 
35 and 37 units, but the avciage of 10 leadings was within 1 or 2 
ms of tlie true value of the mteival At 21 volts tlie average 
jumped to 340 and At 23 volts the countei started to skip badly 
At 12 volts the average of the readings diopped to 290 ms, and at 
10 volts the instrument stopped completely The avci.igc of 10 
readings at 14 volts toi the 94'ms, mteival was coiicct, but the 
individual leadings vailed between 11 and H scale units, 

These icsults aie in agreement with those of Dunlap (3) m indi¬ 
cating that there is vaiiation fioin instalment to iiistuuncnt. If 
the counters arc m good condition, and used at the optimum voltage 
for each individual instiument, they arc satisf,ictoiY for rough 
reaction-time studies, Jlut they become vciy ciratic aftci model ate 
use at 120 impulses pei see,, and must be ictuiiied to the factoiy, 
The manufacture!s claim that this is not true of the latei models. 
But it would seem advisable to check these counters fiequcntly 
wlicnever they aie used for icactioii studici^ 

Vacuum Tube Chronomltlr 

The instrument tested is the oiigmal one described by Jasper and 
Andrews (4) The successive opening of two ciicuits icsults m a 
deflection of the needle of a zeio-ccntci niicioammctci Hy icfer- 
ence to the published calibration cuives the deflections can be con¬ 
verted to temporal units By turning a switch anv one of five 
difterent sensitivities is available. At the gieatcst sensitivity the 
50-unit half-scale of the mctei is coveied in 5 ms, while at the low- 
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est sensitivity the same range corresponds to 5000 ms To test the 
chronometer with the grtwity timer, it was necessary to modify the 
contacts so that they would stay open aftci the weight had passed 
Thcrefoie, small stiips of celluloid were ai ranged so that they 
would slip between the contact points as soon as they opened and 
hold them separated 

Twenty readings were taken at the 102'nis interval, with the 
chronometer set at sensitivity 3 (range 105 ms ) Ten leadings 
taken with the needle swinging to the light of the zero point aver¬ 
aged 48 4 scale units, and a similar nutnbci to the left aveiaged 49,2 
units. The average of these 20 readings was +8 8 units, which cor- 
icspondcd to 100 ms, indicating an eitor of —2 ms It should be 
noted that the eiior is onl}^ one-half a scale division (The 50-unit 
scale lias 25 divisions, each one indicating 2 inicroamps ) Only one 
of the 20 readings was as much as one scale division fiom the aver¬ 
age 

The instrument was then set to sensitivity 4 (lange = 500 ms ) 
At the 102-nis. inteival the aveiagc of 20 leadings was 13.4, cories- 
ponding to 96 ms > with an ciror of —6 per cent No reading 
varied from this average by more than one-half a scale division 
At the 309-ms interval the average of 20 leadings was 35 85 scale 
units, or 295 ms,, showing an erior of —5 pei cent Eighteen 
of the 20 readings weiq 36 units The contacts weie then icvcised, 
and SIX leadings taken at each of the inteivals Undci these con¬ 
ditions different calibiation curves are used Tlie errors were 
almost identical with those noted above 

In summary, the instrument showed an eiior of —2 pei cent at 
sensitivity 3, and one of —5 pci cent at sensitivity 4, It had not 
been calibrated foi the yeai preceding these tests, and had been used 
extensively duiing this peiiod Fuithci, one icsistoi had been re¬ 
placed without calibiation The errors aie partly a icsult of the 
aging of the tubes The pooiei pci formance at the lower sensi¬ 
tivity IS due largely to the use of caibon resistors Tlie instiument 
was originally built to measure mteivals up to 50 ms, so wiie- 
wound resistors were used foi only the slioitei ranges. At these 
short ranges the instrument is undoubtedly far superior to any of 
the otheis described lieie, for its errors arc only a small peicentage 
of the mteival measuied, rather than absolute ones, If good con- 
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densers and resistances wcie used in all the accuracy and 

constancy would depend almost cntucly on the caie with winch 
the metei was icad. Finally, the chionomctcr is extremely flexible, 
convenient, and absolutely silent It is the only one of the instill¬ 
ments descubed that could be used foi visual oi tactual icactions 
without some sort of soundproofing* 

Summary and Conclusions 

1, With the addition of a balanced iclay, it is possible to use a 
wall-mo del stop-clock m conj unction with anv of the Dunlap equip¬ 
ment The stop-clock is particulaily useful foi classroom demon¬ 
strations. Its cost and convenience make it n vciy desiiable instiu- 
ment lor such purposes. 

2 A simple and constant giavity timer foi calibrating chrono- 
scopcs was built and used foi testing nine instiiimcnts of seven dif- 
feient types The lesuUs piescnted in this paper should be considered 
as measurements of individual instiuments, and should be gcncial- 
ized with gi eat caution 

3. The only instrument without an eiioi was the Dclabarre 
Synchronous Motoi Chroiiogiaph 

4. The Dunlap Cliionoscope had the lowest vailability of the 
instruments tested, but had a constant eiroi of —5 ms. The model 
tested has the possibility of much moic sciious crrois 

5. For careful work «all the icmainmg instiuments should be 
checked frequently on intervals of known duiation Wlien piopcily 
contioiled, each of these instruments has its own advantages and 
limitations, 
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ANGER ADJUSTMENTS IN RELATION TO INTELLI¬ 
GENCE AND ACHIEVEMENT'^ 

P ^ yiholof^ical Set vice CeiUci , Si Louis 


H Mcltzer 


When we get angi)^ we bctiay the fact that we arc infciioi ^ 
I his IS a typical Aclleiian statement made by Lazcll in his [The 
Aii(itQ7fiy of Emoiiou (6, p 105) Angci, he tells u% ‘^afflicts only 
those who tefusc to peinnit themselves to hecovne conscious of then 
infeiioiities oi failutes ” This stcitemcnt implies a positive iclation- 
ship of angei with infeiioiity, oi with a sense of iiifeiiotit}^ or with 
both. 

In his Thinkmp Alnchine^ Dr Heiiick (S, p 212), a ncuiologist, 
in discussing angei, talks of the ‘'leal masteiy of passion by intelli¬ 
gence and will powci, the domination of t)ie thalamic by the cortical 
brain,” This implies a negative iclationship between anger and in¬ 
telligence, as well as between angei and intcgiity of personality 
Baibiisse (1, p, 81), in the eailici pait of his book on Stalin, 
when building up an aigumcnt justifying the ciuel piactices of 
Stalin and his followeis in dealing with the Opposition, advocates 
the use of angei as a means of obtaining and maintaining social jus¬ 
tice “Actually and obviously,” says he, “it is one^s duty to stnhe 
doAvn a fellow-cieatuie to save a thousand, to save a hundred thou¬ 
sand, to save the future, and to build a better vvoild in which man 
Will no longei be the slave oi the victim of man ” However, 
neaici to the end of the book, when he consideis his case built and 
socialism safe, he then wains us against allowing ouiselvcs "to be 
led into angei and invective,” tincl advises us to "pause a moment to 
leflect quietly, as a thinking cieatuie should” (1, p 269) Fiom 
Baibusse^s quota Lions one can gathci that, at least in a woild safe 
with Socialism, angei and intelligence do not go together 

In the 1 datively iccciit woiks of a neuiologist, an individual 
psycJiologist, and a litciaiy man, then, \vc find gcnciahzations about 

"^Received m the Editorial Office on Mav 14, 1936 
^Onc might ask, infci lor in what, to wliorn, whcic? 
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tinfjer ivIncJj n/c m ullokI wJtli fJic oft-quoted j)hrn.se. Whom the 
gods (Icbiioy they first make mad The foundtatton of those gen¬ 
eral i/,a turns arc not objective findings One of the chief purpobcs of 
the picsent study is to Lonsidci with the use of objective data the 
extent to which, if any, these generali/.ations aic wan anted The 
significance of this question for this study will be clcaiei if the 
presentation of it is picccded by a discussion of previous studies and 
a dcstriphoji of the methods used and gcneial appicaches made in 
the present one. We will next diicct out attention to these aspects 
of the pi old cm 

Prfvious Studies 

Of tlie recent studies m angci tic.ited on a psychosocial level 
(4, 7, 8, 10, 11), only the last two deal with aspects considered 
in this study, namely, the relationship with intelligence or achieve¬ 
ment 

The earlier of these two studies, Moirison's (10), limited itself 
to a study of feebleminded individuals The souiccs foi the mateiial 
she used were the lecoids of behavior and observations made on 
incntally-doficicnt cluldien She classified her angei iccoids into 
SIX gradations. These giadations ranged from one—no observable 
anger—to six—angci at the slightest provocation several times a 
day Duration and intensity of angei were simdaily scaled She 
icports vciy high relationships, .79 to ,90, between the vauous aspects 
of anger In the feebleminded group of individuals, the con elation 
hctvvecii intelligence and anger is relatively higli, the average r 
being 65 

More closely ielated to oui study is that made by G M Stiatton 
(11), ho used a gioup of college studenLs He had the subjects 
keep rccoids of then anger for thiec days by checking on a picpaied 
list of 19 situations aiousing angci and six possible cftects of its 
manifestation By the U'-c of this method he obtained a coi relation 
of — 102it, 106 between intellectual work as measured by giadcs 
and anger obtained as descubed IIis subjects were 371 college 
students. 

IMetiiods and Measures Used m the Present Study 

The method used by Dr Stratton leadily enough lends itself to a 
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Statistical dcteimination of an anger index* In the light of the find¬ 
ings reported by the present writer in an eailiei study (8), the 
adequacy of the week-end sampling used by Stratton is very doubt¬ 
ful, The fact IS, a lelativcly adequate sampling of college life 
must, as IS shown in the eailiei study, include days wheiciii activities 
paiticipatcd in aie dominantly social m natuie as well as those 
dominantly intellectual, school days as well as weekends The 
method used in this, as well as in the eailiei study by the present 
writer, is one that is definitely less constrained than are responses 
to a checked list and yields infoimation m many ways as close to the 
life of tMie individual as that obtained by the diary oi life histoiy 
methods used in the investigation of peisonality tiaits by William 
Stern or Chailotte Buhlci, oi by some of the sociologists fioin tlic 
Univeisitv of Chicago school 

The method used foi obtaining the facts of anger repoiled liere 
has been called the controlled diaiy, This method was fiist used by 
G S, Gates (4). In tins method the subjects are instructed to keep 
a diaiy of anger or extreme uiitation foi one week. They arc also 
given specific instiuctions (^) to record the date, time, length of 
time before ot aftei meals, duration, and intensity, {b) to rate on 
a fivefold scale each experience of angei, the condition of health, and 
degree of irritability; and (r) to dcsciibe the exact cause in each 
instance, the lesponses made, impulses cxpeiienced but not yielded 
to, and the after-effects In working up the materials, however, in 
this study even moie than in the earlier one (8), the emphasis will 
be on the consideration of those aspects of angei adjustments winch 
aie moie closely related to personality organization Because of this 
emphasis, little or no consideration will be given to variations in time 
of day and similar factoi s for winch data aic available^ Instead, 
we will consider in some detail such factors as condition bcfoie 
anger situation aiose, style of adaptation to leality, level of assertive¬ 
ness, manner of expression, way of managing angei impulses, and 
organization of peisonality after angei reactions. 

The subjects used in this study were 99 psychology students, 
mostly sophomoies, with a spi inkling of juniois and seniors, at 


^For facts concerning the duration of nngei leactions in college siudents as 
well as daily vaiiations, the leadci is referred to the earliei study (8), as 
well as to (4) and (7) 
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Sutc CoJlej^c The iccouls ot six of the students xvcic not 
complete enough to be used, hence, with the exception of materials 
rcpoitcd m Tible 1, the thata on angei aie based on mateiials from 


TAllLE 1 

Rn UJONSJurs ivjtji Freoulncy or Anger RbspoNsi s 



r 

Menu 

5 ^ dif! 

s D,„ 

liuclligcncc 

02:+: 08 S 

4 77 

2 68 

53 


M 

3 95 

2 97 

58 


I 

5 0+ 

3 09 

61 

Achievement 

07± 07 S 

4 67 

3 08 

56 


M 

4 13 

2 63 

+8 


1 

4 to 

2 93 

53 


93 students The calculation of the data in Table 1 was not in- 
eluded in the oiigiiial plans for wo iking up the data, and, when in 
prcpaiation of tins aiticlc it was decided to lepoit them, tlie lecoid- 
hook containing the intelligence and achievement scores was no 
longer available As a consequence, the coiiclation and frequency 
figiiics were made on onlj^ those anger charts which contained records 
of such scoics On intclliKcncc there wcic 78 such cases, on achieve¬ 
ment scoresj 90. 

Intelligence'* rn this study was based on scoics made on the Otis 
EwfmtmUlofi, Htghet, Fof?n A On a 20-nun lite 
tune limit tlic scoics ranged fiom 2i to 62 The total group was 
divided into thicc suh-gioups. The lange of test scores was 21 to 
38 foi the infcrioi gioup, 39 to 46 for the mediocic group, and 47 
to 62 foi the supenoi, 

Acliicvement^ as used in this study was based on six objective 
tests in psychology ** The scores on the six tests, given at well-spaced 
intervals during the school session, ranged fiom 206 to 363 The 
range of scores foi the superior, mediocre, and infeiior divisions 
Ml achievement were, respectively, 206 to 260, 261 to 293, and 294 
to 363 

Angfr as a Problem in Personality Adjustments 

A concrete pictmc of the nature of the data as well as the nature 

^Intelligence in the tables is symboli7ed by In and Achievement by Ac 

^Actual samplings of the tests used can be seen in (9) 
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of angei reactions evoked can be obtained by a study of the anger 
charts of selected individuals For this purpose, the following charts 
of the biightcst and dullest males in the gioup are piesentcd. 


Anger Chart or tiil Brightist Mail Student 
(Otis Score—61, Achievement Score—308) 


Cause 

hnpuUe 
conti of led 

Impulse 
yielded to 

Effect 

mrge assignment 
in Vocational Ed¬ 
ucation course 

To make sarcastic 
remark to teachei 


Defiance toward 
the course 

Editorial in Stan¬ 
ford papei 


Commented about 
It to colleague 

Laughed about 
the incident 

Examination 

Tcai up questions 

Sigli of angiiisli 

Nei vousness 

Recalled forgotten 
appointment 

Call up and apol¬ 
ogize 

Slight feeling of 
feai 

Decision to try to 
remember better 

Poor Eiade on 
examination 

Ravz instructor 
on type of exam 

Made alibi 

Rationalized 

Awakened by 
noise 

To throw vacuum 
weeper down¬ 
stairs 

Cursed slightly, 
moved cover over 
head 

Wished I could 
go some place and 
never be dis¬ 
turbed 

Assignment o f 
140 pages discov¬ 
ered 

To beat up an in- 
sti uctor 

Swore 

Tiembling and 
excited feeling 

More work than 
could complete 

To throw book 
away 


Feeling of hope¬ 
lessness of study¬ 
ing anymore 

Argument 

To ait on him or 
trample 

Raised voice and 
put up defense 

Ncivonsness and 
jiinhiiity to study 
and concentrate 

Phone call 

To cut wires 

^‘Damn that 
phone” 


First whistle 

To miss class and 
sleep 

Reminded that I 
would miss break¬ 
fast 

Realized I would 
be iincomfortahle 
all moiUing 
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Angcr Chart of the Duilist Maie SroDPNT 
(Oris Score— 21, Achievement Score—260) 



coN/fo/le^J 

///ipufse 
yielded to 

Effect 

Short in cxnin 

Let matter go 

Stuck to It 

Discouraged 

Unah)« to /ificl ns- 
giEiied inatenal 

To rend Jigiu fic¬ 
tion or play golf 

Leaie k go for 
nwhile 

Excited 

Interrupted 

speed! 

To stop nractic 

mg 

Asked others to 
mind own busi¬ 
ness 

Tired, nci vans 

Couldn’t fin is li 
study for speech 

lo let It go 

Got angry 

Rebaxed, went to 
bed 

Stiimbledj fell in 
nurd 


Couldn't under¬ 
stand how It hap¬ 
pened 

H1111101 

Letter asking fi¬ 
nancial nssjstjince 



Indi fference 


A glance at the charts clcrirly indicates anger leactions to be re- 
hted to planned fulfillments, cxpeiicnced frustrations, and icactions 
thereto—t 5 'pical pioblems of peisonality adjustments For example, 
consider the dullest individual His Otis score of 21 in 20 minutes 
is 11 points below that which indicates average intelligence and 21 
points below that which indicates average intelligence and 21 points 
helow that which signifies aveiage college intelligence In spite of 
this iclativciy lou’ level of mentality he succeeds in making an avei- 
age grade in a course. Examine his anger chait: The sources of 
irriUtion for his anger icactions were most of the time of an intel¬ 
lectual natuie Of the six cxpeiicnces lie icpoits, foui are intellec¬ 
tual, one IS accidental, and one is financial The accident, stepping 
into a imid puddle, evoked humor The effect of the financial 
stimulus Mas indifference. But the effects of the in nations biought 
on by stimuli which weie intellectual in nature weie consistently 
negative or dissociative, discouiagement, excitement, tiredness, nci- 
voiisness, sleep* 

A glance at the anger reactions of the biightcst individual gives 
a completely different picture of emphasis To begin with his ex- 
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pcriences aie moie varied, both s.tuationally and emotionally con- 
sideied Foi example, liberally inteipreted, 6 of Ins 11 anger 
experiences of the week may be said to be in response to intellectual 
challenges. But aside from the fact that the bright individual is car¬ 
rying a heavier curnculum load, one of his six expeiiences classified 
as intellectual is in response to an extiacunicular activity—a re¬ 
action to an editoiial in a papei from a competing university Four 
of tlie 11 experiences are in nations m response to situations which 
are dominantly peisonal or social in nature A widei lange of 
lesponsiveness is indicated by the fact that h.s reactions range from 
laughing to intense 11 ritabihty His richei style of assertiveness is 
indicated by the inclusion in his repertoire of angei, reactions which 
are defiant, rationalized oi realistic as well as dissociative in the 
sense of evoking discouragement, failure, oi lestlessness If one 
knew nothing more about these two individuals than their anger 
charts, one could easily enough guess which is the richer personality, 
which one is more involved in assertive reactions in campus life in 
terms of the nature of planned fulfillments and frustrations 

In discussing the story of mankind Barnes (2, p v ) advises us 
that 

In some epochs the mere struggle for existence has been most 
important, In others religion has loomed largest in the interest 
of peoples In anothei age the struggle for wealth .and power 
has been dominant Among some peoples, art and things of 
beauty have seemed to possess most significance When treat¬ 
ing a paiticiilai people m any era, I have attempted to stress 
especially the most chnracteristic and illuminating traits of that 
age and civilization 

In dealing with the anger adjustments of individuals a similar 
appioach seems advisable This is in accoid with the general con¬ 
clusion of oui carhei study to the effect that strictly speaking there 
IS no such thing as angei and that realistically considered anger is a 
problem m psychosocial dynamics This conception is contiaiy to the 
McDougall notion of a list of emotions including anger accompanied 
by a list of instincts It is also contrary to the conception of rage 
as an innate pattern ® 


by'^BurT'n “•i “1^0 exphcity expressed 

hnf- rliffo ^ ^ combative instinct itself inherited, 

t differences in Us strength seem demonstrably inherited, too'* 



70 


JOURNAL OI- GINLIIC TSVCIIOLOGY 


Soitie of tile general findings of the eaihei study which warrant 
fins conchisioil ire The causes or stimuli which arouse anger m the 
individuals investigated langc all the way fiom a thwaiting of a 
desire to do nothing to the interference with a desire to do every¬ 
thing, The impulses felt cluiing anger may be dominantly verbal, 
physiological^ psychological, or social in nature and may range from 
a pleasant icply to doing violence to the offender The after- 
cftcct'^ lange from a vciy reduced self-feeling to feelings of exalted 
sclf-impoitaiicc The oiganization of home-life and gcogiaphic 
setting play large ifiles in cleteimining the time of angei occiiiiences 
and the sex of tlic individual innuciiccs tlic souilcs of iintution 

In the light of these findings it seems clcai that an luideistanding 
of anger adjustments of any given individual calls foi a considcia- 
tion of the life histoiy of that individual as well *is the psycho¬ 
social factors which influence his angei behavioi A configurational 
emphasis on what is relevant in a given situation and the extent 
to which It IS iclcvant, not a prcdeteiiuiiicd list of innate oi acquired 
patterns, seems to be the most piomising as well as i calls tic appioach 
to the study of anger adjustments in humans 

Findings and Interpretation 

It Relationsktps of Intelhg^uce and Achievem^fit totth Ff equency 
of Ange} Respoines The facts of lelationship which exist between 
ficqucncy of anger responses and intelligence and achievement are 
indicated in two ways (1) by coiiclations for compaiison with 
Stratton’s data (11), and (2) by comparable measures of central 
tendency and vaiiability foi the supenoi, mcdiocie, and interior 
individuals in the gioup, consideied in tcims of intelligence as well 
as achievement 

The correlations found here aic quite in accord with those re¬ 
ported by Stiatton (11). The lattci investigator, without repoiting 
data other than the coneLition between intellectual woik and anger, 
goes into a iclatively lengthy discussion which, with rcseivations, 
favors the conclusion tliat the gieatei impulse to get angry is an 
impediment to schoiaily achievement In the present study, no at¬ 
tempt will be made to build up an argument about the meanings 
or possible meanings of coiiclations which, as in this instance, are 
close to zcio Instead, the group lias been divided into three sub- 
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groups foi the puiposc of searching out difteienccs in fiequency of 
anger and other related factois that are not revealed by the correla¬ 
tion method 

As tieated, the icsults indic<ate that individuals who are mediocre in 
either intelligence of achievement avetage less anger i espouses than 
do citlier tlic supeiroi oi infciioi individuals The difference be¬ 
tween individuals who aie supeiioi in intelligence and those who arc 
mediocic is 81 in favoi of the foiinei The S* D of the diffcience 
IS 79 and the Dift/S. D diff is 103 The diffeicncc between 
the mferioi and mediocre is 1 08 in favor of the formci Tlie S D 
IS 84 and the Diff/S D diff is 1 29 Expressed in terms of pci- 
centages, this means that the intellcctuallv siipeiioi as compaied 
with the mcdiocie aveiagc 20 pci cent moic anger responses, and 
the infeilor 27 pei cent moie Consideicd in teims of achievement, 
the difference in means between the supenoi and the mediocie is 54, 
the S D of the diffcience 74, and the Dift/S D diff 73 The 
difference between the mediocre and the inferior is 27 in favor of 
the lattei, the S, D, of the diffcience 72, and the Diff /S D* diff 
38 This, expicssed in terms of percentages means that, as compared 
with the mediocre in achievement, the supciiors average 13 per 
cent moie angei i espouses and tlie inferiois 7 per cent inoie. 

Compaiison between the difteiences indicates that, on frequenc)^ 
of anger iespouses in this gioup, intelligence diffeientiates the mcdi- 
ocic from the infeiioi and supeiior moic than does achievement 

2 Relationships with Condition befoie Anget Situation Aiose^ 
Buit (3) talks of anger as being tied up veiy closely with distuibed 
condition of the body iiiitable frame of mmd,” according to 

him, '‘rests often on a distuibed condition of the body, and the mildci 
foims of anger—petulance, peevishness, and sensitive fietfulness 
—appear, m a majoiity of cases, to be the indirect outcome of physical 
weakness or ph)^sical nutation " In this connection, Buit also quotes 
Healy as saying that he has failed to find excessive irritability without 
some physical cause. Statements like the foiegoing suggest a close con¬ 
nection between physical conditions of an individual and susceptibility 
to irritation In Table 2 aic icported the physical conditions ni which 
our subjects were befoie the anger situation arose The many descrip¬ 
tions given by the subjects concerning their conditions were divided 
into thiee categories. Discquilibiium, equihbiium, and asleep Un- 
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dcr ^'disequilibrium** arc iiicludcct such desciiptions as the follow¬ 
ing tircd» sleepy, tired and hungry, hungry, headache, cold, iintable, 
wonicd, eyes tiied, disappointed, discouiaged, disgusted, nervous, 
ill great hurry, restless, despondent, blue, exhausted, lazy, bored 
Undei ‘^equilibrium’* were included high spirits, gay, happy, good, 
relaxed, contented, congenial, iioimal, O K The caption "asleep*’ 
needs no cxpLiining When no conditions were described in this 
study, the self-rating of the individual on his condition was used to 
clcteimiiic whether it repicscnted a state of equilibrium or disequili¬ 
brium, The data arc icpoited m tcims of peiccntagc of expeiieiices 
classified as indicated in the table. 

TABLE 2 



Rm ATlONSniPS WITH 

Condition 

nLFORE 

Anger 

Situation 

Arose* 



Diseqinlihnum 

Equilibrium 


Asleep 


S 

M I 

5 

M 

I 

S 

M I 

ill 

77 78 

86.49 SO 00 

22 22 

1216 

10 00 

0 

HS 10 00 

Ac 

81 39 

76 00 79.25 

16 28 

19.00 

20 75 

233 

5 00 0 


•The meaiunga of ahbrcviatiotia used lu the tables are /ii, ititelligcnce, 
/ICf achievement; superior, il/, mediocre, /, inferior 


The data reported in the foregoing table indicate that the 
(jfffcicnccs between siipenor, mediocre, and inferioi individuals 
are larger tii intelligence than they aic m achievement. Considered 
m terms of intelligence, the mediocre are the most fiequently found 
in a state of discqiillibiium, and tlic supeiior least often so found 
The superior group is more often in a state of equilibrium and the 
inferior least, and the infciioi gioup in intelligence is by far more 
often ill a state of sleep. Considered in teims of achievement, the 
mediocre are the least often in a state of clisequilibiium before the 
anger situation arises, and the superior most often And unlike 
the differences found in iiUelligencc, in achievement it is the mediocre 
group that is found most often in a state of sleep. 

In interpreting the foicgomg data, it is perhaps well to keep in 
nimd that the supenoi in intelligence, not those who aie superior 
in flchicvcnacnt, arc probably closer observers of their conditions 
before anger In checking the descriptive natuie of the responses. 
It was discovered that 62 per cent of the individuals who are rated 
superior in intelligence used descriptive phiases as well as a self- 
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rating in evaluating their condition; only 49 per cent of the mediocre 
and 41 per cent of the infenoi did On achievement from high to 
low, the percentages are 44, Si, and 53 Of all the conditions, 
'‘tiled” is given most frequently by all individuals It is moic often 
given by the mediocie in intelligence and achievement than by the 
supeiiois and infenois. In the mediocre group tiiedness Is given as 
a desciiptive phiase 31 times, in the biiglit group 21 times, and in 
the dull group 16 times In teims of achievement, these differences 
arc, going fiom superioi to infeiior, 17, 39, and 21 *'Sleepy” is 
tlie next most ficquently reported condition, and on that condition 
again the mcdiocic report more ficquently The diffeicnees in 
terms of frequency on intelligence aie, going from high to low, 9, 13, 
and 2, respectively On achievement they arc 8, 9, and 6 Gioupcd 
in teims of intelligence but not achievement, the superior more often 
described themselves as being in a state dscribed as '‘good,” ^^gay,” 
“normal,” than do the other two gioups This diffciencc is indicated 
in the foicgomg table by the fact that the superior report themselves 
to be m a state of equilibrium 22 22 pei cent of the tune as against 
12 16 and 10 for the other two sub-gro\ips 

3 Rclatiouships with of Anger Adjustmenti In his 

Fundamentals of Human Motivation, Di Tioland (12, pp 385, 
386) described what he considers to be the con elates of infciiority- 
superioiity motives m relation to anger By and large, the geneial 
impression one gets fiom leading his involved language is that it is 
his opinion that, when a man of low intelligence is insulted, he moie 
likely will respond with a physical attack upon the offendei On 
the other hand, in a man of highei intellectual development, accoid- 
ing to Di Tioland, ”the instrumental images may be visual oi audi¬ 
tory, as well as kmaesthetic,” and because of this Ire will less likely 
attack the offender and more likely will, peicciving an attack to be 
an inferior reaction, retaliate in words or merely walk away 
Burt comes to the same geneial conclusion as Dr Tioland on the 
basis of a moic evolutionary tieatmcnt of the topic of angei 

As fill creatures but the lowest, nccoiding to hitn, are en¬ 
dowed with special oigans of sex, so many of the higher are 
equipped with special oigans for defense and for aggression— 
the bull with horns, the lighting cock with spurs, the tiger with 
tooth and claw Man, when fully grown, being—in the defi- 
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nitioii of Herr Teufel sdrockh—“a tool-using aniniai with the 
gift of s])eech/’ fights now with aitihcial insmiinents of violence 
nrul now with his tongue (3, p 416) 

On actual objective findings on an angei study in the feeble¬ 
minded gioup^ Mojiison (fO) repoits a difterence m the manner of 
cxpicssion in the idiots^ imbculcs, and moions On the lowest 
level, the causes of angei aic dnefiy bodily condition&i mteiferencc 
witli movement. In the imbecile gtoup, the causes arc chiefly the 
thwaiting of pm poses oi intcrfcicncc with woik In the higher 
level of nicntal deficiency, she icpoits causes of a peisonal-social 
nature, such as quairels 

Arc thcic liny difteiences in the manner or foim of expression 
between supcn'oi, mediocre, and infeuor college students^ The 
findings conccining the natme of types of adjustments made by the 
vniioiis individuals in angei situations will be presented in three 
ways, (/j) styles of adaptation to icality, as classified m Table 3, 


TABLE 3 

Relationships with Style of Adaptation to Reality 



Facts lotal 

SI tun non 

S U I 

Faces paiual 

suimtion Compromise 

SMI SMI 

Non-adaptive 

SMI 

In 

Ac 

los a 0 

95 0 0 92 

28 42 28.03 33 33 IS 79 19 75 25.49 
21.90 32 83 40 37 22 86 21 21 12 8+ 

54 74 52 22 41 18 
54 29 45 96 +5.87 



table 4 




Relationships with Levfl of Assertiveness 



Aggressive 
S M 

Defensive 

I SMI 

Submissive 

S M I 

In 

Ac 

29^7 26 58 31 57 52 63 +8.7+ 49 02 

36 19 27 78 32 11 47 62 50 00 +3 12 

17 90 24 68 19 61 

16 19 22 22 24.77 



table 5 




Relationships with Manner of Expression 



Verbal 

S M I 

Action Physiological 

SMI SMI 

s 

Inert 

M 1 

In 

Ac 

52 63 49 37 59.80 
51 43 55 05 43 12 

2421 20 88 21 57 632 1076 490 
2+76 21.21 28.4+ 9,32 4 55 13 76 

16 84 
14 29 

IS 99 13,73 
19 19 1468 
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(b) levels of assertiveness—aggiessive, defensive, oi submissive as 
indicated m Tabic 4, and (c) manner of expression, sub-dmded m 
teims of verbal, action, physiological, and inert reactions as piescnted 
in Table 5 The results m Tables 3, 4 and 5 arc all reported in 
percentages 

A survey of the datc'i presented in Table 3 suggests that by and 
large the angci leactions of individuals fiom all levels of intelli¬ 
gence and achievement aie laigelv non-adaptivc Only one reac¬ 
tion (1 05 pei cent) is classified as representing a facing of total 
1 call tv, and that was manifested by an individual of supeiioi intelli¬ 
gence No such icactions aic found in cithci the mediocre or infeiior 
groups The infeiior in intelligence aveiagc a laigcr peicentage 
of icactions that are classified as partial facing of leality and also 
average a laiger peicentage of icactions which repicscnt compromises 
with leal tv The supeiioi aveiagc more non-ad aptive responses 
Other more specific differences between the thiee groups on the two 
factors can be obtained fiom leading Table 3 

The mLeUectually mediocre average less aggressive and defensive 
leactions than do the infeiior or supeiior, and moie submissive 
icactions than the other two. The intellectually superior avciage 
moie than the other two gioups only m the percentage of defensive 
reactions Considered in teims of achievement, the supeiiois average 
most aggiessive reactions, me middling in defensive reactions, and 
average the smallest peicentage of submissive icactions. The mcdi- 
ocic m achievement aveiagc most defensive reactions, middling in 
submissive leactions, and lowest in aggiessive icactions 

Whatever the difterences may be when consideicd in the evolu¬ 
tional v mannei of Bint or in the objective findings of vaiious 
levels of the feebleminded gioup concerning the manner of cxpiess- 
Ing angei, in a group composed of college students, regardless of 
level of intelligence, no such consistent diffeieuces arc found The 
specific differences aie repoited m Table 5 As indicated in this 
table, the intellectually superior avciage the highest peicentage of 
action responses, avciage middling on physiological icactions and 
meit reactions, and aie below the infeiioi, though above the mcdiocic, 
m the peicentage of veib.il icactions. The supciior in achievement aic 
lowest in ineit icactions and middling in veibal icactions, action re¬ 
sponses, and physiological reactions 
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Of tlic mtiny specific impulses felt duimg the experience of 
anger, to m.ike a verbal ictort was, with but one exception, reported 
most ficquontly by persons fiom all levels of intelligence and 
achievement The exception was the impulse to injuic inanimate ob¬ 
jects rcpoited by the biigiitcst gioup. Expiessed in terms of per- 
cciitageb, the intellectually superior average 24.18 per cent verbal 
retoits, the mediocie 24 36, and the inferior 19 59. Considered 
m tcims of achievement, supcriois avciage 20 per cent such responses, 
the mecliocie 18.72 pei cent, and the infenoi 20 41 pei cent such 
responses, Contrary to the implications of the quotations enclosed 
in this section, the next most fiequcntly reported single felt im¬ 
pulse, with the exception mentioned, was to do injury to the offend- 
ci In that, the supciioi intellectually average more lesponses than 
do either of the otliei two, The peiccntages of reactions of this 
type expressed by the intellectually superior weie, 18 68, by the 
mediocre 8 97, and by the infciior 12,37 Considcied in terms of 
aclucveincnt, the stoiy is somewhat different Only 12 per cent 
of the superiors expressed an impulse to do physical injury to the 
offender, 11,76 of the inediocic, and 19 39 of the infeiior It should 
be lemembercd, however, that this is merely a descuption of the 
impulses felt, ratbei than those released. 

To lun away and leave the room, xvlucli, according to Tioland^ 
description, would represent a high level reaction, was manifested 
most often by the mediocie group. Four such reactions, 4 3 per cent 
were listed by the intellectually superior, 9 or 5,77 per cent by the 
mediocre, and 2 or 2.06 per cent by the infenoi Considered in 
terms of achievement, again the stoiy is diffcient Here the superiors 
do average the highest numbci of such reactions, 5 per cent, the 
mediocre average 2 67 pci cent and the infeuor 4,08 pet cent The 
specific-felt impulse of retaliation in kind was least often expiesscd 
by the intellectually supciior The pcicentagcs from high to low aie, 
respectively, 1 10, 2 56, and 8,25 Considered in terms of achieve¬ 
ment, the percentages aic 4 0 for the supeiior, 3 21 foi the mediocre, 
and norke for the inferior The specific i espouse ^*to blame someone 
else was found once among the mediocic in intelligence and once 
among the inferior, and was absent in the intellectually supenor 
group In terms of achievement, the percentages me 2 for the 
superior, 54 for the mediocre, and 1 02 for the inferior ^‘Razzing 
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the mstructoi’ wiis expicssccl by only one individual, who was su¬ 
perior both HI intelligence and achievements A desire to invent 
^'Cigger and better cuss words” was expiesscd bv only one individual^ 
superior in intelligence and achievement. To “dash for home** 
was cxpicssed only once, by one mediocre and one infciior individual, 
and not at all by the superior group 

4 Relationships with Management ot Impulse, What is the 
lelationship between the maimei in which an angei impulse is man¬ 
aged with mtelligcnce or achievement? To get a nioie specific 
pictuie of thib than is obtained by the foiegoing moie gencial de- 
sciiptions, the responses made and the impulses felt in each instance 
wcie classified in terms of a fouifold division of impulse-iesponse 
configuiations The divisions, as indicated m Tabic 6, aie impulse 


TABLE 6 

ReI AT [ONSHlPS WITH MANAGEMENT OF ImPUISCS 



Impulse 

Impulse partially 

Impulse 

Impulse 
better than 


inliibited 

inhibited 

yielded to 

lesponse 


S M I 

SMI 

S M I 

S M I 

In 

26 51 32 1+ 44 29 

61 44 27 96 56 99 

12 05 23 57 10 75 

0 0 4 30 

Ac 

31 25 35 52 25.53 

54 17 45 36 60 64 

14 58 16 39 13 83 

0 273 0 


inhibited, impulse partially inhibited, impulse yielded to, and impulse 
bettei than icsponse The icsults aie icpoited in peicentages 

As classified, the laigest per cent of impulse-iesponse configura¬ 
tions fall into the paitially inhibited division, icgaidless of level of 
intelligence oi achievement Impulse inhibited avciages the next 
most categoiies fiom all levels, and the impulse bcttei than response 
categoiy the least The intellectually superior lank highest In the 
impulse paitially inhibited The mediocie avciage most in impulses 
yielded to, and the nifeiioi average most m impulses inliibitcd and 
impulses better than i espouse Considcied in terms of achievement, 
the mediocie gioup averages highest in impulse inhibited. Impulse 
yielded to, and impulse better than icsponse The infeiioi in achieve¬ 
ment average highest in impulse partially inhibited 

Another bit of insight can be gamed concerning the nature of the 
significance of the way in winch the impulse was managed by evalua¬ 
ting the after-effects in terms of level of socialization For the 
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pniposc, tlie cftccts weic classified on a fourfold scale labelled: 
]n<lividiial, individual-social, social-individual, and social So classi¬ 
fied, the percentages foi the intellectually siipciior on the four catc- 
goiies are: 45 iiuiividiial, 18 mdividiial-social, 9 social-individual, and 
28 social. Comparable pcicciitagcs foi the mcdiocic aic 37, 13, 10, 
and 40, and foi the iiifeiioi, 32, 20, 8, and 40 Considcied in teims 
of aLliicveineiU, the pcicentages for the siipeiioi arc, 39 individual, 
18 individiial-social, 12 social-individual, and 32 social Respective 
pciccntagcs foi the mediocre me 41, 11, 7, and 41, and foi the in* 
fenor, 39, 22, 9, and 30 

A glance at these perccntagcb suggests that tlicic is a consis¬ 
tent and ’wcll-diicctcd tciidcnc)^ for the intcllcctuall}^ supeiior to 
manifest the laigest percent.ige of individual leactions and the 
smallest percenUge of social lenctioiis, No icgulai tencleiicj^ appears 
in the gioups consideicd in terms of acliicvement The mediocre 
avciagc most social iespouses as ’vvcll ns most individual leactions 

5, Refaitonshtps with O)gomzation of Peisonality aftet Angei 
Readmit Do angci iespouses tend to organize or disorganize the 
peisoiiality^ Are thcie Jiffciciiccs in the extent to which they tend to 
organize or disorgaiu/c in individuals of various levels of intelli¬ 
gence 01 iichievcinent^ In Tabic 7 arc picsented the icactions aftei 


TABLE 1 

RHATlONSUirs WITH OrCANIZAHON OF PPRSONALII'Y AFTER. Al«IGER REACTIONS 



Dissociative 

trend 

Integrative trend 

1^0 

reaction 


S 

M 

I 

S M I 

S 

M 

I 

In 

64 45 

^144 

65 63 

13 33 9 15 11 46 

22 22 

29 41 

22,9J 

Ac 

63 27 

63 98 

61 00 

6 12 11.29 19 00 

30 61 

24 73 

20 00 


being classified into the general categoiies of the reactions whicli ex- 
pies^ dissociation, integration, oi no leaction On the dissociative 
ticncl \vc include such specific aftei-effects as iiri table, soiiy for 
vsejf, disgusted, discouraged, ashamed, trembling, foi getting to eaf, 
distiacted, sad, hint, nervous, increased dislike foi person causing 
aiigci An aftei-cffcct was classified as symptomatic of an integia- 
CLVc trend if bniance oi expansion of the ego is indicated Illus¬ 
trative of such after-eftccts aie satisfaction, triumph, feeling of 
energy, calm, O K,, relief, eftorts continued The third caption 
used IS self-explanatory. Fhe results arc repoited as percentages 
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The data presented in Table 7 indicate that, for individuals of all 
levels of intelligence and achievement, anger responses aic fat more 
fiequentlv dissociative in effect The lelative differences within the 
thiee groups considered in tciras of intelligence oi achievement 
undei dissociation are small In the percentage of effects which 
lead towards integration, the supenoi gioup intellectually rate high¬ 
est and the mediocre lowest Considered iii terms of achievement, 
It IS the mferioi who aveiagc the laigcst perociitage of leactions 
that indicate an integrative trend 

General Summary 

] Appioach Anger is here picscnted as a problem in person¬ 
ality adjustments which can be undcistood only in the light of a 
knowledge of the life histoiv of the individual who is manifesting 
the anger and all the psychosocial factois which are influencing him at 
tllic tune of the angei icsponbc The meaning of anger as a piob- 
lem in personality adjustment is illustiated with the anger charts 
of the brightest and the dullest males in the gioup 

2 Method The method used in this study was the contioiled 
diaiv, wherein weie obtained facts from which could be gatliered 
information concerning such aspects of peisonality oigaiiization that 
may be related to anger, as condition befoie angei situations arise, 
style of adaptation to lealitv, level of asseitiveness, manner of ex¬ 
pression, management of impulses, and organization of personality 
after anger leactions Data aic picsentcd in teims of diffciences 
for supenoi, mediocie, and infeiioi individuals within the group in 
intelligence as measiiicd by the Otis Htffhet Exanunaiwn and 
achievement as measiiied by six objective tests 

Summary or Findings 

1 Rehfioftslups of InielhffOice and Achievcmerii with Fiequen- 
ry of Anqei Response!^ In a feebleminded group anger and IntcllH 
gence aie closely i elated The con elation of these factois in such 
a group is 65 Imbeciles definitely aie moie leadily susceptible to 
anger tlian idiots, and moions more so than imbeciles I3ut in a 
college gioup where the individuals studied lange in intelligence 
from low average to ncai-genius, the coirelation is practically zero 
In the present study, the fiequency of angei coirclates ,02± 08 with 
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intelligence and — ,07±.07 with achievement Intellectually superioi 
individuals m the college group average 20 pci cent more anger 
responses than tlie mediocre, and the mfciiois average 27 per cent 
nioie, As compared with the incdiocie in aclucvetnent» the superlois 
nvcinge 13 per cent moje and the inferiors 7 pci cent moie These 
diffeicnces aic picsented in terms of means and S. D's 

2, Relationships with Condtiion before Anger ^linaiion Arose 
Differences between superioi, mediocre, and infeiioi individuals aic 
largci in intelligence than achievement, as fai as condition before 
the anger situation aiises is conceincd Consideied in terms of 
intelligence, the mediocre individuals aic inobt often found in a 
state of discqiiilibiium, and the superiors least often so found The 
supeuor group is moic often in a state of cquilibiiiim and tlie in- 
fciior least, and the inferior group in intelligence rs by fai moie 
often in a state of sleep. Considered in tcims ot achievement, the 
mediocie arc the least often in a state of discquilibiiuin before the 
anger situation aiises, and the supeiioi most often. The supeuor 
inteJIectualJy most often dcscube themselves as being in a state of 
cquilibnum 

3 Relationships with Nature of Anger Adjustments 

a, Style of aduptatwn io reality, Angci leactjons of individuals 
from all levels of intelligence and achievement are largely non- 
aclaptive, Specific diflfeienccs on a number of leactions which repre¬ 
sent a facing of reality, partial adaptation to reality, compromise 
with It, as well as non-adaptiveness, may be found in the body of 
this article. 

b Level of assertiveness. The intellectually mediocre aver^ 
age less aggressive and defensive reactions than do the mferioi 
□r superioi, and moie submissive reactions than the other two The 
intellectually sujierioi average more than the other two gioups only 
in the percentage of defensive reactions Considered m teims of 
achievement, the supeiiors average most aggressive reactions, are 
middling in defensive leactions, and average the least percentage 
of submissive leactioris. The mediocie in achievement aveiage most 
defensive reactions, middling m submissive reactions, and lowest 
m aggressive reactions. 

c Munner of expression Unlilce generalizations found in 
literature oi findings in the feebleminded gioup repoited by Moi- 
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rison, theie are no laige diffeiences in mannei of expressing angei 
in a gioup of college students of various levels of intellect or at¬ 
tainment Some of the moie interesting difteicnees leported in 
Table 5 aic The intellectually supeiior average the higliest per¬ 
centage of action responses, middling in physiological leactions and 
inert leactions, and are second to the mfciioi group in the peiccntage 
of verbal icactions. The superior m achievement aie highest in 
none of the categoiies, lowest in incit leactions, and middling in 
verbal le actio ns, action responses, and physiological reactions The ^ 
differences in some specific reactions, like verbal ictoit, doing physical 
injuiy to the offendei, iiinning away and leaving the lOom, are re- 
poited in the body of the paper 

4 Relationships with Management of Impulses Wiien the im¬ 
pulses felt and the i espouses made are classified in impulse-response 
configuiations> the laigest numbei of impulse-icsponse patterns fall 
into the partially inhibited division, regaidlcss of level of intelligence 
or achievement Impulse inhibited averages the next most catcgoiics 
fiom all levels, and the impulse bcttei than response category the 
least. The mtellectuallv superior lank highest in the impulses pai- 
tially inhibited The mediocie average most in impulses yielded to, 
and the infeuoi aveiage most in impulses inhibited and impulses 
better than lesponse Consideicd in teims of achievement, the 
mediocre group averages highest m impulse inhibited, impulse yielded 
to, and impulse better than response The inferior in achievement 
aveiage highest in impulse partially inhibited 

Classified on a fourfold category ranging fiom individual to 
social, the reactions of the intellectually supeiior are found to be 
most individual, and those of the intellectually inferior most social. 

5 Relationships with Oigamzation of Peisonahtyf afiei /luge? 
Reactions The after-effect responses weie classified as indicating 
a trend towards dissociation or intcigration The relative differ¬ 
ences between the three gioups consideied in teims of intelligence 
or achievement under dissociation are small; angei responses are far 
most frequently dissociative m effect for individuals of all levels of 
intelligence oi achievement In the percentage of effects which lead to¬ 
wards integiation, the supeiior intellectually late highest and the 
mediocre lowest Consideied in teims of achievement, it is the in¬ 
ferior who average the largest number of reactions that indicate an 
integrative trend 
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CHANGES IN SEX DIFFERENCES IN PROBLEMS AND 
INTERESTS OF ADOLESCENTS WITH 
INCREASING AGE^ 

T cm hers CoUegcj Columbia Unwej siiy 


Percival M Symonds 


Do bo)'S and girls become more oi less alike in then problems and 
mteiests as they grow oldci ^ Discussions of sex d iffci cnees m 
psychological literature aic largely concerned with physical and in¬ 
tellectual diffcicnees, and accurate iiifoimation icgauhng difteicnees 
in mteiests Is scfinty One may easily obscive that boys and guls, 
before the age, saj^ of 10, play togethei, in the home and in nuisciy 
school, kindcigarten, and lower giades of the elementaiy school 
While girls may piefei dolls and boys may picfer tiains as toys, 
tliey readily join in the same games Before adolescence, however, 
this association disappears and when it leappeais in adolescence it is 
on a wholly different basis ns determined by the maturing sex func¬ 
tions Boys and girls at all periods of adolescence have different 
interests in reading (5, 7), writing (2), movies (11), radio pro¬ 
grams (+), games (3, 8, 9, 14), convcisation (15, 16), and voca¬ 
tional selection (I, 6, 10, 12) Do these differences become more 
or less intense? 

A survey of the problems and interests of adolescents and adults 
fuinislies data which throw light on this problem Fifteen areas of 
human intcicst (briefly noted m the tables accompanving this paper) 
weie ranked bv several hundicd high school pupils, college students, 
and giaduatc students in education in order of being pcisonal prob¬ 
lems, and in Older of being of interest foi lejiding or discussion, 
By taking aveiagc lanks for the vanous groups it is possible to note 
differences by sex foi different matuiitv levels Tables 2, 3, and 4 
show these diffeieiices for 276 college men and 387 college women, 
also differences for 784 high school bo 5 ^s and 857 high school girls, 
and 73 men and 111 women who are giaduatc students of education 

The outstanding generalizations fiom these data are that tlieic is 
more difference in general between adolescent boys and giils rn 

^Received in the Editorial Office on May 19, 1936 
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TABLE 1 


Sums oi Differi^nces in Avlragi: Ranking detvveen Men and Women 


Problems Interests 


High school group 


47 

78 



College gioup 


72 

1 12 



Adult graduate gioiip 


56 

51 




TABLE 

2 



Averagf Rankings for 15 Items tor Prodicms and 

Interests or 147 Stu- 


DFNTs AT Purdue University and 516 Students at Kansas 



Statf Tpachers 

Coi I COR, 

, Emporia, 

Kansas 




Boys 

Gills 



Pioblems 

Interests 

Problems Interests 

1 

Health 

6 81 

5 93 

7 58 

8,03 

2 

SCK 

8 67 

5 96 

9 76 

7 21 

3 

Safety 

10.41 

10.44 

11 38 

12 23 

4 

Money 

4 07 

7^1 

5 71 

915 

5 

Mental health 

ZM 

7 88 

7 02 

8 03 

6 , 

SUidv 

6 08 

9 17 

5 65 

9.06 

7* 

Recreation 

912 

7.06 

9 56 

7 84 

8 

Personal qunhtiea 

7 42 

6 95 

7 43 

6 08 

9 

Family relationships 

9,83 

9 87 

9 43 

8,85 

10. 

Manners 

8 96 

7 66 

8 78 

6,46 

n 

Personal attractiveness 

7 96 

S 31 

7 01 

5 87 

12 

Dally schedule 

8.29 

11 14 

7 52 

1014 

13. 

Civic 

8 80 

8.75 

7 96 

8 59 

14. 

Getting along with others 

8.82 

7 89 

914 

7.24 

15 

Philosophy 

7 28 

5,95 

635 

4.30 


tlieii luietes/s than in their pioblem^ and theie are more difterences 
between college men and women than between high school boys and 
girls, and adult men and women 

Evidence foi these two generalizations may be seen in the sums 
of diflcienccs (taken without rcgaid to sign) m ranking between 
men and women foi the three gioups (Tabic 1) 

In both the high school and college gioups it will be seen that 
the difference between the sexes in interest is greater than the diffei- 
ence in pioblems 

The data also indicate that men and women are most unlike din¬ 
ing the period of later adolescence At the time when all the powers, 
physical and mental, have matured to tlicir maximum and when 
the process of mating is beginning to be the mam life concern, men 
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TABLE 3 


DiFrERENCM de^een Average Rankings of 276 Men and 387 Wompn of 
15 IFEMS I OR Proulfms and Interests for 147 Studenis at Purdue 
University and 516 Students at Kansas State Teachers 
College, Emporia, Kansas 

A plus sign (“h) indicates a higher innking foi men 


Diffeieiicc 

foi 

problems 


1 

Health 

+ 77 

2 

Se^ 

+ 1 09 

3 

Safety 

+ 97 

4 

Mo n ey 

+ 1 64 

5 

Mental health 

—1 14 

6. 

Study 

— 44 

7 

Recreation 

+ 44 

8 

Persona! qualities 

+ 01 

9. 

Family relationships 

— 40 

10 

Manners 

— ,18 

11 

Personal attiactive- 



neas 

— 95 

12 

Daily schedule 

— 76 

13, 

Civic 

— ,83 

14, 

Qetting along with 



others 

+ .32 

IS 

Philosophy 

— ,93 


Difference 

for DifF 

interests 


+2.2 

+2 10 

+ 67 

+3 3 

+ 125 

+ 3 6 

+3 5 

+ 1,79 

+7 0 

+5 5 

+2 14 

+7.0 

—36 

+ IS 

+ 5 

—14 

— 12 

— ,3 

+ 1.5 

+ 78 

+2 3 

0 

— 87 

—3 3 

~1 3 

—1.02 

—37 

—07 

—1 20 

^3 

—3 5 

—2 44 

—8.7 

—22 

—1 00 

—3.7 

—28 

— 16 

— S 

+ 1 0 

— 65 

—21 

—29 

—1 IS 

—3 3 


and women aic most diffeient from eacli othei This diftcicntiation 
proceeds fiom biith, but receives an acceleration at the time of 
adolescence In later years as sex becomes less of a concern the 
difterences m inteiests between men and women become less and 
probably vanish as senescence is reached, 

An inspection of some of the specific items will indicate m what 
ways men and women are most unlike at the college peiiod The 
maximum difference is in inteicst in peisoital at it active ness ^ women 
being more inteiestcd in this item to the extent of 2 44 lank places. 
Even SO 3 tile difference is about the same 01 even less than at the 
high school age when the obtained difference is 2.72 

Opposed to this IS tile interest in moiiev "which is 2 14 ranks grcatei 
for men than for women This states for us the familiar fact that 
at this age men aie mteiested in establishing themselves vocationally 
and setting up their competence, while women apparently arc moie 
interested in the process of sexual selection. 
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TABLE 4 

DlFtERPNCCS AVERAOE RANKINGS OE 784 BoYS AND 857 GiRLS IN HiGH 

School and Aiso 78 Men and 111 Women GRADUAft Students oi 
Education for IS Items Rcporiing Areas of Human 

PROBIEMS AND INTERESTS 

A plus sign ( + ) indicates a higher average ranking for boys than for girls 




High school 

Adults 



DiiFereiice 

Difference 

Difference 

Difference 



for 

for 

for 

for 



problems 

interests 

problems 

interests 

1 

Health 

— 11 

+ 9C 

-\r 64 

+ 29 

2 

Sex 

+ 2+ 

-h ,16 

+1 20 

+ 1 67 

3 

Safety 

+ 5+ 

+1.39 

— 31 

+ 34 

4 

Money 

+ 58 

+ 93 

-p S6 

+ 46 

5. 

Mental healih 

— 47 

+ ,26 

— 16 

— 19 

C 

Study 

+ 54 

-|- 62 

— 04 

— .13 

7 

Recreation 

+ 07 

+ 74 

+ 20 

+ 10 

& 

Personal qualitie 

s 4- 14 

— .17 

+ 35 

4- .44 

9 

Family relation¬ 






ships 

— 02 

— 18 

+ 30 

+ .28 

10 

Manners 

—1 11 

—1 16 

+ 51 

4- 25 

11. 

Personal attractive- 





ness 

—1 70 

—2 72 

—1 39 

—1 76 

U, 

Daily scliedulc 

-h 44 

— 09 

—2 00 

— 68 

13 

Civic 

-h 47 

-h 77 

— 26 

— 27 

14 

Getting along with 





others 

50 

—1 13 

— 05 

— 76 

IS 

Philosophy 

— 11 

— 36 

+ 10 

— 02 

Tile gicatcr mteiest of men 

in he((}lh 

is less obvious in 

everyday 

life 

, but this same 

cliffeien.ee tn vaiying 

degrees has been 

noted in 


every school in which these data have been gatheicd and at ill 


ages Apparently foi men this is a variant of the diive for success, 
while foi women the narcissistic tendency is more towaid attiactive- 
ncss than towaid efficiency, 

Men rank their intciesl in sca higher than do vi^omen. This 
sliould also be compaicd with the mteiest in pci sonal atti activeness, 
and shows the well-known diffeiencc between the sexes m then 
attitude and response toward sex, Foi men the diivc is positive 
and direct Men Imve no hesitancy in expressing their interest in 
women or in a woman and in puisuing the object of then mteiest 
and affection with ardoi Women, on the other hand, while no 
less hackwaid in making themselves attiactive and m cncouiaging 
male advances, do not openly express as diiect an mteiest in sex, but 
invite attentions from men. 
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That men arc moie interCvSted in safety than women is not to be 
vvondeiecl at perhaps, since men ,ue in gcncial moic active and have 
to participate m moic dangcious undcitakings and occupations I 
am inclined to believe, on the othei hand, that women are not 
sensitive to danger as men and that they accept dangerous situations 
with moie hardihood and endmance The fact that women must 
go through the rigois of chiidbcaiing pci haps tempcis then whole 
attitude towaid the dangerous in life, 

Men aic less interested, at this age, in the philosophy of life 
than women, which may check with the common belief that women 
are more leligious than men. My data show that this diffeience in 
less degree is present in high school boys «md giils, but practically 
fades out with matinity, Quite possibly the gicatci activity and 
outwaidncss of men, paiticiilaily at the time when they aic zealous 
for success in school and college, give them less tune and interest 
foi mental speculation, while the natiual gicatci passwitv of women 
makes them more leceptive to speculations of a more gencial char¬ 
acter 

T\a'o othei diffci cnees may be commented on biiefly One is 
the greatei inteicst of women than men in pi an n mg the daily sched¬ 
ule High school youngstcis find the daily schedule highly unin- 
teiesting—they aie bored with sitting down and planning then day's 
activities Interest in planning comes eailiei with women than 
with men, and the diffeieiiccs become still gicatci with adult women 
and men. This may be compared with the gicatei inteicst in the 
philosophy of life, and indicates that women aic moie leady than men 
to plan, to take stock of things, and to sec the lelationship of what 
they do with the laigci issues ot life, This points to an csbcntial 
conscivative chaiactci of women. 

The other diftciencc to be commented on is the fact that mental 
health is more of a pioblein for women than foi men This hai- 
monizcs witli the othei diftcienccs alieady noted in that women are 
less active, moie reflective, moie leligioias, and accoidmgly tend to 
be moic intiospcctivc It is well known that women aic moie pi one 
to certain types of neuioses than men, and, as indicated by oui data, 
they consider tiicii mcnul health moie of a piohlcm 

That women aic moie inteicstcd in peisonal qualifies, manneis, 
and family i elaiionships is obvious, easily understandable, and fits in 
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witli otiici differences already coinnientcd upon, winch need not be 
discussed in more detail here 

Summary 

A compaiisofi of the problems and intcicsts of high school boys and 
girls indicates that the sex diftciences in inieiests aie greater than 
the diflcicnccs in piobUins at these levels, 

These clifFcicnccs, both for pioblems and interests are greater in 
the period of late adolescence than at any other time of life At 
the time when men and women are most fecund biologically they 
aie most unlike each otiici iii thcii interests 

When the diffeicnces aie looked at in detail they are seen to 
agree witli conventional!v accepted descriptions of male and female 
chaiacters. Aden arc moie interested in physical healthj safetyj 
aioffcy, all repicsentalive of the urge toivaid success and personal 
establishment in society. Men aic also moic openly and diicctly 
interested in sex Women, on the other hand, are moie passive and 
leccptive, They differ most from men in their interest in per soil'd 
attiactiveuess which represents their pait in sexual selection 

In additiOHj the gieater passivity and leceptivity of women makes 
them more intiospectivc and more icflectivc This shows itself in 
tlicir greater interest in a peisoval philosophy, in planning the daily 
schedule, and with their gicatei concern with pioblems of mental 
health. 

Women also show theii traditionally gieatcr interest in people 
by their expressed greater interest in vianners, peisonal qualities, and 
home and family ^elailonshtps 
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MONTH OF BIRTH AND AVERAGE INTELLIGENCE 
AMONG DIFFERENT ETHNIC GROUPS’* 

J cachets Collcffr, Colurnhia University 


R Pintner and J R Mallbr 


The problem of the relationship between the month of birth 
and the physical condition of the newborn and the related problem of 
seasonal vaiiation in the growth of the child have been studied by 
many investigators Sanders (15) has summarized and discussed 
this field in detail Pie refers to at least 16 investigations on the 
aveiagc weight of infants born in different seasons of the year. Of 
these 16 reports, 13 indicate that cliildren bom in summer or m 
autumn aie heaviei than those born in the other seasons, two find 
no seasonal diffeiences and one favors the winter months 

Tliese reports vaiy considerably with regard to number of cases 
and statistical pioceduic For example, Pcller and Bass in 1924 
reported on 2360 births The childicn born in summer showed an 
average weight of 80 to 87 gm greater than those born in winter 
Furthermore, 10 3 per cent of those born during July-Scptembei are 
below 2500 gm , whexeas 15 3 per cent born during Janunry-March 
vaiy below this weight These diffci cnees aic said to be statistically 
reliable Similai findings are reported by Abels (1), Hanscii (8), 
and Andersen (2), who leport that children bom m the fall wcic 
heavier than those bom during the summci months 

On the other hand, Bienton (6) in 1922 repoiting on 2000 births 
finds no seasonal diffeiences in weight Sanders in describing and 
commenting upon this study believes the data to show inciease in 
weight in summer and autumn Sander’s own conclusion, after 
discussing each of the 16 reports, is that on the whole there appears 
to be “some increase in birth size in late summer and fall, but it can 
hardly be consideied significant” Reasons for this difference in 
weight suggested by several woikeis are, poor diet of the mother 
in winter, vitamin shortage in winter, incieased sunshine in summer 
There is, however, no general agreement as to such causative fac- 

‘Received in the Eclitorml Oflicc on June 5, I9J6 
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tors Bfikwin and Bakwm (4) and licUmiith (9) found no con¬ 
stant seasonal vaiiatiaii [ii birth weight 

In addition to such studies of weight nt birth, Sanders reviewi> 
many otiicrs dealing with scabonal vaiiations in ffatfis in weight and 
height during infanc}^, the picscliool pciiod, and in later life The 
evidence, as a wiiolc, is suggestive, but by no means conclusive that 
greater gams are made in summer rather than in winter Bakwin 
and Bakwin (3) icport that, in ccitain antliropometiic mcasuie- 
incuts, the diffcLcnccs were in favoi of those born in autumn and 
winter. Causative factors suggested bv various writers aie tempeia- 
tuie, nutrition, iiiadiatioii, cndociine activity, vitamin content of 
food at dilfcient seasons, seasonal moibidity, and the like Wlicn 
we turn from physical to psycliological factors^ we find vciy few 
studies dealing with the IQ of the child as ielated to the month of 
birth. Blonsky (5) in 1929 found the lugliest mean IQ for chil- 
dicii bom in spring Pintncr (13) llieii reported on 4925 cases and 
found the lowest mean IQ foi the wintei months, Januaiy to March 
The greatest seasonal diffeiences was only 1 7 IQ points, but it was 
statistically reliable The outstanding feature of these data was the 
large number of eases involved and the possibility of dividing the 
total cases into three different social groups as described in the 
study One factor, howevei, was not investigated, namely, the 
possible variations that might be caused by combining different 
ethnic groups It was suggested that ethnic groups might differ 
with rcfeicnce to seasonal biith rates The combination of different 
ethnic groups differing in mean IQ might cause seasonal diffeiences 
in the average IQ due to the vaiiation ui the proportion of births 
contributed by the various groups during any given season These 
tonsidcratiofis have led to the present study. 

Description of Population 

Our sample of cases consists of children in New Yoik City public 
schools belonging to three ethnic groups, namely, Italian, Jewish, 
and Negro,^ All the children tested were enrolled in the fifth 
grade of the elementary school, thus constituting an educationally 
homogeneous group The Negro children were pupils of schools 

'For a description oE difleiences between ethnic groups see (12} 
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in Central Plarlem with an cm oilmen t of 99 pei cent Negio pupils. 
The Italian and Jewish children were pupils of schools in which 
the population was picdommantly (85-100 per cent) Italian or 
Jewish, respectively 


Monthly Birth Rates of Ethnic Groups 

We have studied the monthly birth rates foi the different ethnic 
groups both for the gioup of children actually tested and for the 
city as a whole. Table 1 shows the distiibution of our 6353 cases 


TADLE 1 

Distribution of Firrn- Grade Pupils by Month and Season of Birth for 

Children Tested 



Italian 

Jewish 

Negio 

Total 

Month of biith 

Number Ratio 

Number 

Ratio 

Number Ratio 

Number Ratio 

Jn nil ary 

188 

110 

25+ 

98 

103 

90 

545 

1 01 

Febiiiary 

16+ 

1.06 

230 

99 

114 

1.09 

508 

1.03 

Maich 

171 

1.01 

286 

1 12 

123 

1 03 

580 

107 

April 

179 

1 08 

26+ 

1 07 

107 

97 

550 

1.05 

May 

172 

1 01 

269 

1 05 

123 

108 

564 

1 0+ 

June 

158 

96 

208 

84 

86 

78 

452 

.87 

J«iy 

16+ 

96 

263 

1 03 

128 

1 12 

555 

1 03 

August 

138 

81 

283 

1 11 

116 

101 

537 

99 

September 

17+ 

1 05 

269 

109 

115 

1 04 

558 

1 07 

October 

166 

97 

261 

102 

114 

1 00 

5+1 

100 

November 

172 

1 04 

20+ 

83 

98 

86 

474 

91 

December 

162 

95 

208 

.82 

119 

104 

489 

.91 

Total 

2008 


2999 


1346 


6353 



Itah 

an 

Jewish 

Negro 

Total 

Season of birth 

Number Ratio Numbei 

Ratio Number Ratio Number 

Ratio 

Spring 

522 

1 03 

819 

108 

353 

1 04 

169+ 

106 

Summer 

460 

91 

754 

1 00 

330 

97 

154+ 

.96 

Autumn 

512 

1 02 

73+ 

98 

327 

97 

1573 

99 

Winter 

514 

104 

692 

93 

336 

1 10 

15+2 

98 

Total 

2008 


2999 


1346 


6353 


The table shows, for each 

ethnic 

group 

and 

for the 

total 

of all 


groups, the number of biitbs m each month as well as the ratio of 
the obtained to the expected numbci In computing the expected 


number, the number of days in each month was taken into con¬ 
sideration An inspection of the table shows marked differences 
m number and latio fiom month to month Thus, we note that m 
the Ncgio group the lowest numbei of births occuried in June 
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As Will be shoAvn later, the average IQ foi June was highei than for 
any otiici month. Relatively low mean IQ s foi the total group 
occui in Dcccinhci to Mav* inclusive Relatively high mean IQ s 
occur from June to Novcitibci* If now we calculate tlic pioportion 
of births for the different gioups for these two semi-annual intervals 
wc liavc the following: 


Perujd 

Italian 

Jewish 

Negro 

Total 

Ju nc-November 

48 5 

49 6 

48.8 

49.6 

December-Mav 

515 

50 4 

512 

50 4 


Hcie It will be noted that the Italians and Negroes contribute a 
larger pcicentage of buths to the Dcccinbei-May half year than docs 
the Jewish gioup. It appcais> tlien^ that in our samples of the three 
ethnic groups theic are definite diifeiences with regard to differ¬ 
ential hiitli-ratc in the various months of the year When such 
groups, which diffei also in average mental ability, arc put together 
into one theie would result some seasonal differences in the latter 
factor. Wlictliei the seasonal vaiiation in birth rate would hold 
true for largei samples of these ethnic groups is still to be dctei- 
mined For the total population such information is available Table 
2 gives the number of bntlis recorded in New York City, by months, 

TABLE 2 

Number, of Births—by Months 
New York City, 1910-193+^ 


Month of birth Number Dally rate 


January 

265,519 

356 9 

Februn ry 

243,221 

358 7 

March 

270,968 

364.2 

April 

254,4<3 

353 4 

May 

249,586 

335 5 

June 

260,678 

362,1 

Jvily 

265,080 

356 3 

August 

264,450 

355,4 

September 

250,235 

3+7 5 

October 

255,556 

343 5 

November 

237,225 

329 5 

December 

252,266 

339 1 

Jiinc-November 

1,533,224 

349 1 

December-May 

1,536,053 

351 3 


•The year 1918 waa excluded because the data were incomplete 
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for the 25-year period, 1910 thiougli 1934 (the yeai 1918 is ex¬ 
cluded because data foi that year were incomplete). Tins tabula¬ 
tion IS based on 3,069,277 birth lecords in the files of the Depart¬ 
ment of Health 

It will be noted that there was considerable variation and that m 
the SIX months, Deccnibei-May, theie was a somewhat larger num¬ 
ber of biiths than in the months, Junc-November, the difference 
being 2829 cases The geneial tiend of the daily birth-rate for 
each of the 12 months dining the 25-ycai period is shown in Fig¬ 
ure 1 


AVERAGE DAILY NUMBER OF BIRTHS BY MONTH 
NEW YORK CITY 



JiN fCS Ji/L UP ffC7 NOY PfC 


FIGURE 1 

Distribution of IQ by Month of Birth 

The group of 6353 fiftli-giade pupils included in this study was 
examined with the National Intelligence Test and the Pintner Rapid 
Survey Test ^ All the testing was done during tlie same month 

^The authors acknowledge the cooperation of Dr Eugene Nifenecker and 
Miss May Lazar of the Biiicau of Reference, Research, and Statistics, 
Board of Education, New York City 
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IQ AND Month of Birth fc« Various Ethnic Groups 
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October S9 2 19 2 166 104 4 16 6 261 90 2 18 5 IH 96 7 19 3 541 

November S8 7 18 4 172 105 7 15 7 204 90 5 16 9 98 96.4 18 8 474 

December 87.2 16 0 162 103 2 18 5 208 89 6 18 0 119 94 5 191 489 
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Average IQ by Month of Rirth 

Table 3 shows the mean IQ, the standjird deviation, and the minri' 
her of cases for each ethnic gioup and for the total group by month. 

Tlic largest and smallest monthly means for each group are as 
follows. 


Population 

Highest monthly 

mean 

Lowest monthly 
mean 

Difference 

Diff 

Italian 

July 

89 4 

January 

85 4 

4.0 

2,1 

Jewish 

July 

105 9 

M.iy 

103 0 

20 

l.S 

Negio 

November 

90 5 

March 

84.8 

57 

25 

Total 

August-October 

96 7 

May 

941 

26 

22 


The laigest monthly means fall iii summci and autumn, whcicas 
the smallest means fall in winter and spring The critical ratio, 


AVERAGE 1. Q. 

BY MONTH OF BIRTH 



FIGURE 2 
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the dtffeience in terms of its standard crroi, is shown m the last 
coJnmn 

The gencial trend of the averages by month is shown graphically 
in Figure 2 The most sti iking is the curve foi the total popula¬ 
tion. This shows LOiisistently higher means for the six months 
from June to Noveinbci, indusivcj and consistently lower means 
for the other six months of the year The curves for the three 
ctlmic groups arc less stiiking, but the general trend in all of them 
fs rather co/isisteiit. 

Sensons If, now, we gioup the months into seasons* wc have the 
results piesciitcd in Tabic 4, The lowest and highest seasonal 
means are as follows 



Highest 


Lowest 



DiS 

Popuintion 

scaionnl mean 

seasonal mean 

Difference 

•'(lift 

Ilalifin 

Autumn 

88 3 

Spring 

86 5 

2,3 

2 1 

Jewish 

Autumn 

105 1 

Winter 

103 6 

1 5 

1 S 

Negro 

Autumn 

89 2 

Spring 

85 7 

3.5 

2 6 

Total 

Autumn 

96 5 

Winter 

94 5 

20 

29 


We note hcie that the highest means always occur in autumn, and 
the lowest means in winter and spring 
TJie differences in mean IQ are small, ranging from 1 5 to 3 5. 
However, the difteience was consistent in the ethnic groups, and 
It approached statistical significance in the total population 

Half‘Yenr Gfoupt7iff5 When the months arc grouped in halt- 
year intervals, the results are seen in the following figures* 


Population 

June- 

November 

^^can 

December- 

May 

Menn 

Difference 

Diff. 

^ditt 

Italian 

88 6 

86.5 

21 

26 

Jewish 

105 1 

104 0 

1.1 

1 7 

Negro 

88 5 

86 8 

1,7 

1 8 

Total 

96.5 

94 7 

1 8 

3,6 


The mean IQ for tlic total population was 96 5 for the period 
Jiine-Novcinber and 94 7 for December-May. The difference is 
1 8 and statistically reliable, being 3 6 times its S D When the 
ethnic groups are considered individually, the differences although 
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not statistically significant, are consistently in favor of the Junc- 
November peiiod 

CompansQH of E\itemei^, The difference between the summer- 
fali and the uinter-spjing clnldicn expresses itself also in the ex¬ 
tremes If wc considei the pioportions of cases of mental defi¬ 
ciency or feeblemindedness (IQ below 65) and the proportion of 
cases of veiy supciior intelligence (IQ above 130), we find the 
following coinpauson. Among those boin in the months of jnne- 
November there ireje fewer cases of mental deficiency than mental 
superiouty, the percentages being 4,6 per cent and 5 9 pei cent, re¬ 
spectively Among those born m Deceinhei-Mav theic weie moic 
cases of mental dclictcncy than of mental bupcnoiitv, the propor¬ 
tions being 6.1 pci cent and 5 3 per cent, respectively^ 

Possible Causes of Vat tat ion in IQ We have discussed the pos¬ 
sibility that diff Cl cnees in the monthly blith-iates of our ethnic 
groups may be the cause of the seasonal variation in the aveiage IQ 
We have seen, liowcvci, that this could not have been the sole 
factor, because the general tiend of the vaimtion m IQ held true 
for practically all the ethnic groups It now remains to consider 
other possible causative factois The physical stamina of the child 
may have some •connection with his gencial intelligence Children 
born during the waim months may have better health records than 
those born dining the cold months Among the most significant 
indices of child health aie iicoiiatal and infant mortality rates 

Neonatal mortality (deaths of infants under one month) is seen 
to be much smaller during the warm months Table 5 shows the 
number of neonatal deaths in New York City during 1931-1934 
The number of deaths for the total and for each ethnic gioup sepa¬ 
rately IS definitely much smallci during the warm months, Theie is 

*\Vith reference to the dull and feeblcmitided wc have data collected by 
Mr, Kosenthal for 8985 cases, with a mean IQ. ot 65 2 The means vary 
slightly from month to month The lowest monthly mean falls m February, 
blit the highest falls in May, The lowest mean for three-month groupings 
J9 for December-February, but the highest js foi March-May The cool 
months (October to March) have a very slightly lower mean than the 
warm months (Apill to September) None of the differences js statisti¬ 
cally significant. Out of 8985 cases, 27 more were born m the December- 
May half-year interval than in the remaining ^ix months These data 
support the findings of the present study to some extent, particularly in 
regaftl to the lower IQ’s found among those born in the coldest part of 
the year 
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TABLE 5 

Neonatal Mortality—ry Months 
New York City, 1931-1934. 


Month of 
death 

White Negro 

Total city Total city 

Italian 
Neigh¬ 
bor¬ 
hood a 

J ewish 
Neigh- 
bor- 
UoodH 

Total 
N.Y C 

Ratio 

January 

1075 

123 

60 

55 

1198 

1 13 

February 

S58 

121 

42 

43 

979 

101 

March 

1019 

142 

54 

49 

1161 

1.09 

April 

987 

131 

49 

45 

1118 

109 

May 

1010 

99 

45 

50 

1109 

104 

June 

872 

119 

39 

36 

991 

0 96 

July 

911 

99 

42 

41 

1010 

0 95 

August 

934 

116 

49 

41 

1050 

0 99 

September 

905 

89 

43 

44 

994 

0 97 

October 

888 

107 

48 

47 

995 

0 9+ 

November 

849 

109 

46 

37 

958 

0 93 

December 

S6S 

97 

43 

41 

965 

0 91 

June-November 

5359 

639 

267 

2+6 

599^ 

0 96 

December-May 

5817 

713 

293 

283 

6530 

1.04 

Total 

11,176 

1352 

560 

529 

12,528 



much fluctuation from month to montli, but the general trend is 
clear 

At the bottom of the table we note that the number of cases of 
neonatal mortality in New Yoik City for the summer-autumn 
months (June-November) was 5998, while in the winter-spring 
months it was 6530 The latio of the obtained to the expected was 
96 foi the summei-autumn months and 1*04 foi the wintci-spilng 
months. The rates were 28 89 and 30 98 pci 1000 births, respec¬ 
tively. 

The trend for the ethnic gioups was consistent with that for the 
total population. Among the Italians, the numbci of cases of 
neonatal mortality was 293 for the Decembci-May months and 267 
for the June-Novembei months; the rates pci 1000 births wcic 
24,29 and 26 75, respectively Similaily, in the Jewish group, the 
number of cases of neonatal moitality was 283 for the December- 
May months and 246 foi the June-November months, the rates 
per 1000 biiths weie 25 25 and 22 92, respectively. The late of 
neonatal mortality is to some extent an index of the general vitality 
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of the children born Those born in the winter-spring montlis 
^vbo survive have been subjected to greater physiciil strain than 
tliosc born in the summer-autumn This may in turn result m a 
lower average mental capacity 

Infant MQ}iality Appl 3 mg the same method of analysis as in 
the ease of neonatal moitnlity, we may study the montlUy variation in 
infant mortality (those dying during the first year of iife) Table 
6 shows the number of deaths foi 1930-1934 Again, we note that 

TABLE 6 


Infant Mortaiitt^by Months 
New York City, 1930-t93+ 


Month of 
<leiith 

White 

T otal city 

Italina 

Neigh- 

Negro bor- 

Total city hoods 

Jewish 

Neigh¬ 

bor¬ 

hoods 

Total 

NYC 

Kano 

January 

2S87 

349 

155 

117 

2936 

1.18 

February 

2314 

318 

140 

no 

2632 

116 

March 

Z65* 

355 

164 

141 

3013 

1.21 

April 

2613 

322 

163 

124 

2935 

1.22 

May 

2481 

307 

151 

123 

2788 

1,12 

June 

1900 

269 

100 

76 

2169 

0.90 

Juiy 

1851 

226 

9$ 

80 

2077 

0.84 

August 

1900 

253 

121 

84 

2153 

0 87 

September 

1846 

200 

109 

86 

2046 

0 85 

October 

1891 

244 

UO 

87 

2135 

080 

November 

1865 

248 

115 

79 

2113 

0 88 

December 

2039 

203 

153 

107 

2242 

0.90 

Junc-November 

11,253 

1440 

650 

492 

12,693 

0.87 

December-May 

14,692 

1054 

926 

722 

16,546 

1 13 

Total 

25,945 

3294 

1576 

1214 

29.239 



infant mortality is definitely lowci in tlic summer-autumn months 
than in the winter-spring months Duimg the five-year period, 
1930-1934, the number of infants (less than one year old) dying 
111 the warm months was 12,693, while the numbei dying in the 
cold months was 16,546, The ratio of the obtained to the ex¬ 
pected wa{> 87 for the summer-autumn months and 1 13 for the 
winter-spring months The biitl>rate m the warm months is 
slightly lower (a diffeicnce of about two cases per day), but the 
rate of infant mortality is proportionately much smaller The rate 
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of infant mortality in the warm months was 47 28 pei 1000 live 
births and in the cold months 61 12 per 1000 live births 

This relationship is tiue also for the two ethnic groups. Among 
the Italians, the number of infants dying in the waim months was 
650 as compared with 926 in the cold months The rates pei 1000 
biiths were 43 91 and 62.74, respectively In the Jewish group, the 
numbei of infants dying in warm months was 492 as compared with 
722 in the cold months. The rates per 1000 births were 34 55 and 
48.90, lespectively. 

Moihidity No comprehensive statistics of illness in infancy by 
month of year have been found Wc have, thcrefoie, taken the 
records of mortality due to congenital and early infancy diseases ns 
another measure of the gcncml health of infants born during different 
months of the year The months showing the greatest number of 
deaths from these causes are taken to be those in which the general 
morbidity was highest,^ This is shown in Table 7 During the 
six-year period, 1929-1934, the number of cliildien dying from con- 

TABLE 7 

Deaths Due to Congenital and Early Infancy Diseases— nv Months 
New Yoik City, 1929-193+ 


Month of 
death 

White 

Negro 

Total 

Ratio 

January 

1608 

193 

1801 

Ml 

February 

I3«S 

165 

1528 

1.03 

March 

1601 

196 

1797 

1 11 

April 

1+66 

20C 

1672 

T,()7 

May 

156L 

153 

1714 

106 

June 

1313 

U6 

1479 

0 94 

July 

140+ 

151 

1555 

0 96 

August 

1390 

173 

1563 

0 96 

September 

1375 

129 

150+ 

0 96 

October 

1365 

158 

1523 

0 94 

November 

128+ 

155 

1439 

0 92 

December 

1377 

141 

1518 

0 94 

June-November 

8131 

932 

9063 

0.95 

December-Mny 

8976 

1054 

10,030 

105 

Total 

17,107 

1986 

19,093 



This holds true also for certain children’s diseases such as diphtheria 
and scarlet fever These were more prevalent in the winter-spring months 
than in the summer-autumn months See Annual Report of Depaitrneiit of 
Health, City of New York, 1928 
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genital and early infancy diseases dmiiig the suminei-autumn months 
was 9063 as compared with 10,030 foi the wmter-spnng months, a 
difference of 967 cases The ratio of the obtained to the expected 
IS 95 foi the June-Novembei months and KOS foi the Dccembcr- 
May months Foi the ten-year pciiod, 1925-193+, for New Yoilc 
City the numbei of deaths (due to congenital and early infancy 
diseases) for the June-November months was 15,738 and for the 
Dcccmber-May months 17,432, n difference of 1694 cases 

W-c have also tabulated the deaths due to puerperal diseases as 
an index of the Iiealth of the mother. Health of the mother at the 
time of birtli piobably affects the health of the offspiing. Table 8 


TABLE 8 

Deaths Due to Puerperal Diseases—by Months 
New York City, 1931-1934 


Month of death 

Number 

Ratio 

J anil n ry 

238 

1 12 

February 

233 

1 21 

March 

261 

1 23 

April 

237 

1 IS 

May 

229 

1 08 

June 

191 

0.93 

July 

159 

0.75 

August 

206 

0.97 

September 

198 

0.96 

October 

142 

0 67 

November 

194 

0.95 

December 

211 

0 99 

June-November 

1090 

0-87 

December-Mny 

1409 

1 13 

Total 

2499 



shows the numbei of deaths foi the years 1931 to 1934 The total 
numbci of deaths pei month is much less during the warm months 
than during the cold months Duiing 1931-1934, the number of 
deaths in the Juiie-November interval was 1090 and in the Decem- 
ber-May interval, 1409 The latio of the obtained to the expected, 
in the last column, shows a larger figure for cveiy month duiing the 
Dcccmber-lday intcival as compaied with the June-November in¬ 
terval The mothers of children born duiing the Jnne-November 
interval are apparently less weighted with illness than the mothers 
of children born during the other half of the year. 




R PINTNER AND J B. MALLER 


105 


Comparison with Pi'evtous Findiiiffs As stilted in the early part 
of this report, Blonsky in 1929 studied 453 backward children and 
found the highest medn IQ among children born in spiing Pintner 
in 1931 studied 4925 cases and found the lowest IQ among those 
born in winter. Pintner and Foilano in 1933 made a more extensive 
study with 17,502 cases divided into childien of low, median, and 
high social status They found the lowest mean to occur in the 
wintei months (Januaiy to March) for all three gioups of children 
The highest mean occuircd in the spring months (Apiil to June). 

The findings of the last two studies are, to a certain extent, similar 
to our picsent findings Childien born in the coldest months of the 
year were found, on the average, to have slightly lower IQ*s In the 
present study we find that the drop in IQ begins in December and 
continues thiough to May, The Pintner and Forlano study showed 
that the drop also begins in December but continues only until 
March. With references to the spiing months there is, therefore, no 
agreement The one consistent finding is the low'ered IQ in the 
months from December to Maich This, in general, is true, whether 
we divide our cases into different ethnic gioups as we have done in 
this study or into different social levels as m the previous study 
Although the differences in IQ’s aie small, they seem to be con¬ 
sistent and, in some of the comparisons, statistically reliable 

Summary 

1. Children bom in the summer-autumn months (June through 
November) show a highci average IQ than those born in the spring- 
winter months (December through May) This difference though 
small (18) IS statistically significant, 3 6 times its standard enor 
Each of the six months of the former group has a higher average 
than each of the months in the latter group The lowest of one 
gioup IS higher than the highest of the other group This general 
difference m favor of the summer-autumn months held tiue in each 
of the ethnic groups studied’ Italian, Jewish, and Negio 

2 When the data aie considered by individual months (or 
periods smaller than half-year intervals) and by ethnic groups, the 
results are not so consistent as for the total population. This indi¬ 
cates the need of considering the ethnic factor m studies of this kind. 
The comparison between the warm and the cold months, however, 
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do show a consistent difference in favoi of the warm months, June- 
Novemher, for all the ethnic p:roiips under consideration. 

3 Vital statistics favor the warm months (June-November) 
Tliesc months show a lower late of infant mortality, neonatal mor¬ 
tality, deaths due to congenital and early infancy diseases, and deaths 
due tc piieipcral diseases. 

Before general conclusions aic drawn fiom this investigation, it 
should be rcmeinbcicd that our population consisted of children all 
of whom weic enrolled in Grade V of the elementalv schools of 
New York City This homogeneity, though ndvantageous from the 
point of view of reducing the luirahcr of vaiying factois, might in 
itself he a selective factoi causing seasonal variations Thus, the 
cliildrcn within a given school giade, those whose birthdays fall in 
one part of the year, might as a group be slightly older than those 
born in anothei pait of the year, The oldei children arc usually 
duller than the younger ones within the same giade This miglit 
result in an appaient lelationship between the season of birth and 
avciage intelligence 

In the "population” described in this study, there seems to be 
evidence that those born in the warm months (Juiie-Novcmbci) are, 
on the average, brighter than those boin in the cold months (Decem- 
bei-i\'Iay) This general difteience has been noted in each of thiee 
ethnic gioups: Italian, Jewish, and Negio children. The same 
difference in favor of the warm months was found to hold true m 
several aspects of infant vitality, ns levcalcd m health statistics 

The ctlinic character of the population seems to be an important 
factor in studies of seasonal variation Many of the contradictoiy 
results m the lealm of physiological and antliiopomctric chaiac- 
tcnstics of infants born in cliffeient seasons aie probably due to 
differences in the ethnic character of the population on which those 
studies were based. 
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A METHOD FOR THE QUANTITATIVE ANALYSIS 
OF HUMAN GAIT^i 

Training School, Vineland, New Jersey 


George Kreezer and A, Douglas Glanville 


A Introduction 

In the present paper, a method is desciibed for the quantitative 
analysis of human gait The method has been devised in an attempt 
to piovide ways for the analysis of complex motoi functions in 
general It was felt that the possibilities in tliis diiection might be 
bettei envisaged if concicte data weic first obtained in connection 
with a particular case of complex motoi activity Walking was 
selected as an example of an impoitant motor activity which lent 
Itself to analysis bv means of the type of method which wc wished to 
examine 

The cential idea behind the method of analysis proposed is that 
all complex motor activity consists essentially of a tcmpoial organiza¬ 
tion of movements of which the components aie the positions and 
movements at individual joints The task of describing such motor 
activities becomes^ then, that of specifying the particulai positions 
and movements which occur at the vaiioiis joints involved, and of 
indicating the mannei m which these component movements aie 
organized in the total act. A dcsciiption of this soit should tell us 
of the precise way in which the %oddy machinci)^” opciatcs duiing 
motor activity, and should piovidc the data on the basis of which 
the undcilying neuiological mechanisms may be investigated 

In the case of walking, then, oui problem has been to find ways of 

‘•‘Received m the Editorial Ofiice on July 13, 1936 

^We should like to expiess oin appreciation to Dr Edi^nr A Doll, Directoi 
of the laboratory, who, on the basis of hia previous investigations of the 
birth-injiired, encouraged us to develop methods for the quantitative analy¬ 
sis of human motor functions A condensed version of the present paper 
was read at a meeting of the New York Branch of the Ameiicnn Psycho¬ 
logical Association, April, 1936 
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measuring the principal component movements and positions at 
mdividual joints, and to detciminc the manner lu which they aic 
organized or inteicooidinatcd in the course of the walking sequence 
The provision of ways foi detcimining these facts is the pimcipal 
.Tim of tJic present jnetliotl “ It is aUo jiiipoitaiit, howcvei, in the 
analysis of gait to take into account the iclation of the individual to 
gravitational forces Consequently, properties concerned with the 
nature of the base of suppoit and its lelation to angulai movements 
at various joints have also been considered, 

B TrciiNiQUEs UsFD IN Anaiysis or Gait 

The pnncip.al steps involved ui the piescnt method foi the analy¬ 
sis of gait die as follows* (1) Motion pictuics are taken of the 
subject walking under certain standaid conditions (2) The indi¬ 
vidual motion-picture fiaincs arc piojccted one at a time, and 
mcasuicincnts made of the angular positions at hip-, knee-, and ankle- 
joints On the basis of these measuiemcnts, graphs aic constructed 
showing the changes taking pLice concunently at hip, knee, and 
ankle-joints as a function of time, as the subject walks (Figure 2) 
(3) On the basis of these graphs and of fuitlier measuiements upon 
the individual frames, a large number of functionally impoitant 
properties of gait ai-c determined in quantitative teims (4) As a 
supplement to these quantitative dctcminations, an examination of 
the subject's gait is also made on the basis of the motion pictures 
pi ejected at the standard late, and an estimate made of the nature 
of certain chaiactcristics of gait observable under these conditions 
These estimates pi ovule what may be regaidcd as a qualitative de¬ 
scription of the walking sequence which may be compaied with the 
results of the quantitative proccduies referred to above They also 
provide infoimation concerning certain characteristics of gait foL 
which wc have not yet provided quantitative methods of determina¬ 
tion Wc may now examine m moie detail the various procedures 
used in connection with the steps just mentioned. 

1, Cotfditwns JJfulet M'^hich Motion Pictuies Aje Taken, The 
subject is instructed to walk at a modciate latc upon a thin mat, 

2For a preliminary description of this method and its place in a more 
general program for the investigation of the physiological basis of human 
motor activities, see Kicezer (10) 
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marked off with refciencc lincs^ winch is laid upon the flooi. Photo¬ 
graphs are taken of piofilc, fiont, and back views of the subject’s 
gait, that IS to say, views in which the subject walks back and forth 
at riglit angles to the optical axis of the camera, and views "with 
him walking directly towaid and away from the camera It is 
desirable, during the taking of the pictuie, that the subject wear 
some type of costume that will not obscuic the body con toms, In 
the taking of tlie profile pictures, the camera was located at a dis¬ 
tance of about 30 ft from the subject Its height was adjusted to 
coi respond about to the level of the hip joint la the investigation 
of adult subjects, it was kept constant at a level of 3 ft 6 in, In 
the taking of the piofile pictuies, the subject walks cvei a distance 
of about 15 ft, this distance subtends an angle of about 30” at the 
cameia In the taking of the front and back views, the subject walks 
between points at distances of about 24 ft and 40 ft from the 
camel a 

The mat upon which the subject walks is marked with lefcrencc 
lines to indicate his location at any given moment The mat is 
about 18 ft by 4 ft in size, dull black in color, and marked with 
white lines which cross each othei at right angles Lines running 
parallel to the direction of piogression are referred to as longitudinal 
lines, and lines at right angles to these, as tiansveise lines The 
distance between longitudinal lines is 25 cm and between trans¬ 
verse lines, SO cm Behind the subject a dark curtain is hung to 
provide a background Against it hang a number of white-tape 
plumb-lines, placed at regular inteivals to indicate in the pictures 
the exact diiection of the veitical, 

At one side of the field of view is placed a dock-dial, marked 
off in 16 equal divisions. A pointer, driven by a Telccliron syn- 
chionoiis motoi, ievolves aiouiid this dial once a second This 
clock IS used to piovide a check on the camcia speed, and is a method 
for numbering the successive motion-pictuic frames A standard 
camera speed of 16 fiaincs per sec was gencially used, a speed of 
32 frames pei sec may be used, however, when shorter time inter¬ 
vals between successive pictures arc desiied The nature of the 
pictures obtained under the standard conditions is illustrated in 
Figure 1 

As indicated above, a walking distance of 15 ft was used in the 
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FIGURE 1 

Sample of Moton-Picture Frames Used in thf Analysis of Gait 
{j1) Profile view used in mensiiiements of joint-angle (adult subject) ; 
(B) back view used in measurements of width of base, {C) iirofile view 
of child shortly after leaining to walk without support 
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taking of piofile pictures This ifinge was found sufficient for 
pioviding the data consideicd necessary m oui initial, exploratoiy 
studies of gait. Foi ccitain studies of gait, by means of tlie method 
described, it miglit be desirable to piovide for pictures of the subject 
walking ovei a greater distance 

2 Measmements of Jotni-ongle and Resnlia^it Gfaphs The 
successive motion-pictuie fiaines obtained of the gait of the subject in 
piofile aie piojcctcd, and mciisiirements made of the anguhii posi¬ 
tions present at hip-, knee-, and aiiklc-jomts, respectively, of each 
of the two legs In the establishing of normal adult standards, the 
pictures used weic those in which tlie light side of the subject is 
toward the caincia The paiticular angles measured at each of the 
joints IS indicated in the diagrams of the various joints shown in 
Figuie 2 Measuiemcnts aie made bv means of a laige celluloid 
protractor oi goniometer designed for the puipose A diagiam 
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FIGURE 2 

Joint Movements in Walking 
Normal ndiilt—right leg (explanation m text) 
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FIGURE 3 

Durham oi PRoniAcim Used im Measurkmenfs or Angot ar Position at 

Variou'} Joints 

Arc IS graduated in half-degree units 

of tins protractor is shown in Figuic 3^ Measurements are facilp 
tated, if the screen used for piojection of the pictures is rigid and 
stable, as provided, for example, by a large sheet of cardboard 
placed flat against a solid wall To permit accurate use of the pro¬ 
tractor, the projected pictuies should not be too small A scale 
of projection in which the height of the individual was represented 
by a 10-in extent on the scieen was found to be satisfactory and 
was adopted as a standaicl condition in our investigations, 

The procedure found to be most accurate and convenient m the 
carrying out of the mcasiucmcnts may be illustrated by the steps 
followed in making measurements at the knee-joint The protractor 
is placed Hat against the screen and adjusted until the fixed arm 
{«) of the pjotractoj coincides approximately with the central axis 
of the thigh, and is parallel to it. The movable arm {b) of the 
protractor is then moved untd it paiallel to the axis of the leg, 
If it docs not coincide approximately with the cential axis, it is 
either because the fixed arm is displaced to the side of the axis of the 
thigh or because the end of the fixed arm of the protractor is too 
high or too low, so that the pivot does not he appioximately over 


M protractor of the sort described was made for us by Theodore Afteneder 
nnd Sons, FhiUdelphia. 
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tlie fuLcium of the joint (Figiue 4G) Adjustment of the posi¬ 
tion of the fixed piotiactoi arm may be made riccoidinglv, and the 
movable arm adjusted agdin It is apparent, however, from Figure 4, 



FIGURE 4 

Diaoram df Use or pROTFAcroR in tiil Mcasurlment or Joint-Angle 

Diagram illustrates the fact that the essential requirement for a correct 
measurement is that protractor arms be parallel to the axes of the body- 
membcis adjacent to the joint (Further explanation m text) 

that It IS not necessaij^ in obtaining a mcasuic of a given joint-anglc, 
for the pivot of the piotiactoi to lie over the fulcrum of the joint, or 
foi tlie ccntcr-hncs of the protiactoi aims to coincide with the estimat¬ 
ed axis of the thigh and the leg of tlie bubject. The accuiacy of 
measinemcnt tends to be greater, howevci, if the piotiactoi arms 
coincide appioximately with the cential axis of the inembeis adjacent 
to tlic joint, The use of a tianspaient matciial m the constiuction 
of the piotiactoi and of idatively thin, black lincb engiavcd down the 
center of the aims aids in the making of accuiatc measurements, since 
they 1 educe to a minimum the distoition and blocking out of the con¬ 
tours of the body-memhcis. These contouis seem to piovide the 
most valuable pciceptivc cues in the acemate placement of the protiac- 
toT arms. After some practice, a considerable degree of accuracy may 
be attained in the mcasuiement of joint-angles, as indicated by the 
figures on the piobable error of a single measuie lepoitcd below 
On the basis of measurements made of successive fiames, graphs 
such as those shown in Figure 2 may he const!ucted These graphs 
exhibit the changes taking place concuiiently at hip-, knee-, and 
ankle-joints as a function of time W the light leg The use of a 
common time axis piovidcs a biicrs-cvc view of the tempoial organ- 
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ization of the movements at the various joints and aids in the deter¬ 
mination of the inteiielations between these movements in the carry¬ 
ing out of the complex activity We have not come acioss any pre¬ 
vious report in the litcratuic of a method foi providing such giaphic 
records of angular changes at the joints duiing walking 

It IS convenient to maik out certain points and intervals on the 
graphs on the basis of then functional significance in tlic act of 
walking Wc may coasidei, fiistj ceitain obvious fcatuies of the 
walking sequence As an individual walks, the two legs alternate 
in tlieii support of the body. The inteival during which a given leg 
ib in contact with the gioutid may be called the ff}ound sUoke; the 
interval dmiiig which it moves forwaid thiough the an, the lecovety 
stro/ic The moment the left foot first strikes the giound, at the 
beginning of its giound stroke, is labeled Sta^/e I, the concsponding 
moment at tJie beginning of the giound stroke of the light leg, Stage 
III Stages II and IV lefei to intcimediate moments, Stage II oc¬ 
curring during the ground stioke of the left leg, and Stage IV during 
the ground stiokc of the light leg These intermediate stages are 
a little difficult to describe, although readily recognized in the pic- 
tuies, The essential fcatuic is that the body is suppoitcd on one leg 
in an apparently stable position relative to gravity A veitical line 
drawn fiom tlic tiunk to the giound would pass thiough the base 
of support, and the various parts of the body seem to be symmetri¬ 
cally distributed about this veitical axis The particulai fiames at 
which the various stages occur is determined by moving along by 
liand, at a moderate speed, the successive flames in the projectoi, 
A complete cycle of change in the walking sequence consists of an 
mtcival lying between two successive lepetitions of the same stage. 

Uiidcineatli the set of cuives showing joint-angle as a function of 
time, two horizontal lines aie drawn to indicate the time during 
which the heel and toe, respectively, aic in contact with the giound. 
The hoirzontal line drawn under the curve fat the hip-joint shows 
the tunc during which any pait of the foot is m contact with the 
ground It may, therefore, be regarded as a resultant of the heel 
and toe records A solid line indicates contact with the ground, a 
broken hue indicates lack of contact The ^‘foot-contact’' line in¬ 
dicates the duration of the groffnd stroke, since the ground stroke, 
by definition, represents the interval dining which any pait of the 
wcight-bcaring leg is in contact with the ground. 
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A set of giaplis similai to those show in Figure 2 is constiucted 
to lepiescnt movements occiuiing at the joints of the left leg. The 
foim of the curves is similar, tlieic is, howcvci, a (lisplacement in 
phase—the angular positions occuiiiiig in the light leg at Stage I, 
not occurring in the left leg until Stage III, onedialf cycle latci, has 
been reached 

3. Ptotedines foi Meam]iu(} Vanons of Gait. We 

may now considei the various piopcitics of gait whicli can be de¬ 
termined in a given subject, and the specific pioccduics used foi the 
puipose 

a Evlefit: of joDit-movemetn dnnn^ a sniffle cycle The extent 
of joint movement duiing a cycle may be specified foi each joint 
in tcims of (a) the maximal angulai position icached, (^) the mini¬ 
mal angulai position icached, and (c) the maximal langc of angular 
motion occiiiring duiiiig a cycle beginning at Stage I These cliar- 
acteristics aie deteimined by lefciencc to the giaplis to identify the 
frames in which the maximal and minimal angular positions occur 
and by lefeicnce to the data tables foi the exact values By maximal 
position IS meant the liighest point icached in the cuive foi a joint 
duiing a single cycle, and by minimal position, the lowest point 
reached, The teims arc not synonymous with the mathematical use 
of the terms niaMmum and miinmum, which stand foi places where 
the slope of the cuive is icvcrsed in passing through a point of zero 
slope It IS appaicnt that a mathematical maximum, as in Fiame 
12 of the cuive foi the knee-joint (Figuie 2), is not necessarily the 
highest point reached duung a complete cycle The chaiactcnstics 
we aie conceined with here aie the highest maMinum and the lowest 
minimum The maximal tanffc of angulai movement lefeis to the 
difference between the maximal and minimal angulai positions. In 
dcteiiTuning these thiee characteristics foi oui table of nouns, the 
initial cycle in the giaph, lying between successive Stage I points, js 
used 

b Foim of ike cinves lepi esenting anffulai changes at the 
joints Ideally, the form of the curves showm in Figure 2, would be 
specified by mathematical equations We have not tried, howcvei, 
to derive equations for dcscnbing these cuives, but have limited our¬ 
selves to a description in empirical teims An inteival of the curve 
covering a single cycle is fiist labeled in accordance with the num- 



118 


JOURNAL OF CFNliTlC PSYCHOLOGY 


ber of waves appealing; tliioughout a cycle By a wave is meant 
the part of the cuive lying bctA^^ccn two successive tioughs or rnathe- 
rnatical minima Waves which arc less in amplitude than 4“, meas¬ 
ured from trough to peaki are not considered, in view of the deter- 
niLiiatioris made that tlic probable eiror of a single measure is about 
1“ for incasurcmcnts at hip-, knee-, and ankle joints 


Examination of the curves of a group of normal adults shows, 
as IS also nppaicnt in the curves of Figure 2, that at the hip-joint 
only a single wave occuis during a cycle, at the knee-joint two waves, 
and at the ankle-joint two fundamental waves, though theic may 
be smaller waves bupciimposed upon the larger waves, In the case 
of the curve foi the knee-joint, the initial wave, beginning about 
half way between Stages IV and I is called the '*’/!" Wc'ivc, and the 
succeeding small wave beginning just bcfoic Stage III is called the 
wnve Similaily in the case of the ankle, the wave beginning 
shortly aftci Stage I is called the 'Wt' wave, and the wave beginning 
at Stage III, the wave, 

The following chaiacteristics of the uidividiud waves may now be 
measured, These characteristics have been selected as providing an 
empirical description of the foim of curves of the soit found among 
normal subjects The chaiacteristics examined are amplitude of the 
rising hmb of the wave («■), amplitude of the succeeding falling limb 
{b)i the diffcience between amplitudes of the rising and falling limbs 


{a-b), ratio of iMiig and falling lirabs^|-y the phase of the maxi- 


mum point of the wave 


(t 


and the fiactioii of the total period 


occupied by the total wave^ The meaning of these terms is 


illustrated in Figure 5, The lising limb of the wave rcpiescnts the 
interval between the peak of the wave and the preceding trough. 
The amplitude may be readily determined by subtracting the aiigulai 
position representing the trough tiom that representing the peak In 
the case of the hip, the rising limb of any wave represents an inteival 
of ventral flexion; in the case of either of the '‘knee-waves,” an 
interval of flexion; and in the case of the “ankle-waves,” an inter¬ 
val of dorsi-flexion 
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FIGURE 5 

Diagram Showing thk CHARAcrtRiSTics Which Are Measurfo upon a Givjn 
Wave in Tur Determin\tiqn or tub Form oi the Curvl? of 
Angular Movcmpnts at the Joints 
The curve shown is of movement at the knee-joint, 

SimiUily, the falling limb of a \vavc includes tlic intcival be¬ 
tween the peak and the succeeding trough, and repicsents an interval 
of dorsi-flevion for the “hip-waves,” extension for the “knee-waves,” 
and plantar flexion foi the “anklc-wavcs,” 

The jyhase at any point of the wave is defined as the fiactional 
part of the cycle that has passed by the time that point on the wave 
has been reached—the tiougli at which the wave begins being 

regarded here as the beginning of the cycle The phase of the 
maximum point of the wave may, thus, readily be detcimined by di¬ 
viding the tune requued in the cycle for the maxiimal point on tlie 
wave to be icachcd by the pet tod of the curve The penod is defined 
as the duration of one complete cycle, in accoidance with the con¬ 
ventional use of this tcim in desciibing wave p\operties The use of 
the term phase here is also analogous to its iiirithcmatical use, as the 
tcini IS used, foi evainple, in the dcsciiption of sound waves and alter¬ 
nating electrical currents and potentials 

c Angle of foot axis Bv the angle of the foot is meant the 
angle lying between the long axis of the foot and the direction of 
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progression of the indmclual, at the times when the foot is in con¬ 
tact with the floor, as illustiated in Figiiic 6// 



PIGUllE 6 

Diagrams to Illostrath tjh Mltiiod Usfd in Measuremlni or thf 
Direction or anc Foor A^is Rflativk jo tiil Direction of 
Progression ('*Ancle or Poor Axis’*) 

A number of cailicr woikcis have investigated this characteiistlc 
of gait by obtaining records of the foot punts made dining the couise 
of walking. Vicrordt (21) attached styluses at difterent paits of 
the shoe and thus obtained lecoids of the places where different parts 
of tile foot made contact with the floor Dougan (5) obtained 
records with J\ob-iiail shoes and carbon paper. Shirley (19), m a 
recent investigation of motor development in childien, covered the 
bottoms of tile feet with an oily solution and obtained records of the 
footprints upon paper A similar procedure was used by Burn¬ 
side (2) 

It IS possible, however, to dispense with such procedures and to 
detcimlne the angle of ^‘toeing-in^* and ‘*toeing-out” during walking 
on the basis of measurement made from the moving-picture records, 
coupled with simple trigonometric calculations. The measurements 
necessary arc made upon the moving-picture frames obtained with 
the subject walking directly toward the camera The method of 
calculation is illustrated in Figiiie 6 

Line IIT or / represents the length of the axis of the foot H repre¬ 
sents the heel, and T the end o£ the second toe Line HA is a 
line paralled to the direction of progression and line TA or d repic- 
sents the length of the perpendiculai dropped to the line HA» The 
angle /? may readily be determined if the lengths of lines / and d 
, . d 

arc known, since ^ = arc sin -- If d and f are known, the value of 

/ 

the angle may be determined from a table of trigonometric sines 
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Xlie length / may be most easily determined by direct mensuiemcnts 
of the length of the subject’s foot The distance d can be determined 
from the motion-pictine records In doing so, however, it is neces¬ 
sary to take into account the scale of reduction of extents in the pro¬ 
jected pictuics relative to the tiue extents, and the fact that the 
scale of reduction vanes with lines Ij’ing at different distances fiom 
the camera. 

These facts are lepiesented in Figures bA and 6B. Figure 6A 
represents the tiuc angles and extents associated with the position of 
the foot. Figure 6B, the appearance of Figuie 6/1 as seen in per¬ 
spective in the projected motion-jfJcture frame Couesponding 
points on the two figuies are labeled with the same letters, those in 
Figure 6B being pinned. Lines CB and ED repiescnt longitudinal 
reference lines maikccl on the mat over which the subject walks 
Tbeir distance apart is 25 cm 

Our problem is to determine the length of T/I oi d on the basis of 
measurements made upon the projected picture (65) A method for 
doing so is given by the following steps 


d= GH—BT (I) 

- (25) (2) 

V 


BT= ~ (25). (3) 

h 

The last two steps consist simply in dctcimining the true lengths 
corresponding to the lengths a and b measuied on the projected 
pictures (The tiiie distance conesponding to extents g and Ji is 
known to be 25 cm ) 

. d = 25 



d 

5=arc sin - 


/ 


(5) 


— In ^ 

f [ h 


( 6 ) 



122 


JOURNAL OF GI'NLTIC PSYCHOLOG\ 


III (Ictcrinuiing the alible of the foot axis at each successive step, 
It IS necessary to mcasiiie foiii distances on the screen and the 
length of the foot 

(L JFidih of the base of support By the width of the. base 
of suppoit IS meant the tiansvcrsc distant apart of the two feet in 
successive contacts with the floor, measured fiom the location of 
the ccntcis of the heels. This chaiactcristic is illustrated m ^Figure 
whicli lepicscnts the position of the two feet on the ground as 


Dir«ctton 



FIGURE 7 

I'JiAGRAMS TO lllUSTRATE THC METHOD USED IN MEASUREMENT OF THE 

Width of ihe Base or Support 

seen by an obseivcr looking down on the flooi from above. The 
widtli of the base of support is lepiescntcd by the distance w in the 
figure This chaiactcristic of gait, like the angle of the foot axis, has 
been dctcimmed by a numbei of picvious investigatois on the basis 
of recGids taken of the footprints made duiing the act of walking 
Repoits aie given, foi example, by Vicioidt (20) Bmnside (2), 
Shirley (19), and McGraw (11) concerning the m<ignitudc of this 
chaiactcristic undci diffcient conditions The width of the walking 
base may, howevei, also be determined on the basis of the motion- 
pictuie recoids alone. 

The pictures used for this pin pose arc those taken with the sub¬ 
ject duectly in front of the camera and walking away fiom it Meas¬ 
urements are based on the points where the heels make successive 
contacts with the floor* The method for determining the magnitude 
of IV in Figure 7/i is similar to that used foi detcimining the dis¬ 
tance d 111 Figure 6, as described in the pievious section The method 
IS illustrated in Figuies lA and 7^, and is designed to take into ac¬ 
count the difference in the scale of reduction in the projected pictuie, 
of transverse lines at different distances from the camerti. 
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Figuic *1A represents the locations of the two feet as they would 
be seen by an observer looking down at the floor fiom above, Figure 
iBy the appearance of the same view as projected on the screen from 
a motion-picture record. 

Corresponding points in the two figures are labeled with the same 
Ictteis, those in Figure 7B being piimccl Lines CB (C'JS') and 
ET> {E*D ) repiesciit lines on the inat running parallel to the direc¬ 
tion of progiession They lie at a distance of 25 cm apart Points 
Z/ (L ) and R. {R) indicate the points of contact of the centers of 
the left and right heels, respectively, with the floor. 

Our problem is to determine the distance lu (Figure lA) on tlie 
basis of measurements made of extents represented in Figure IB A 
method for doing so is indicated by formula (5) below It is derived 
as follows, 

w = BR—CL (1) 

DR^—{2^) 

h 

GL-—{2S). 

(f 

2% 25 

BR—GL - 

h g 

It, =25 

All mcasuicmcnts arc in cm. It thus becomes necessary in the 
pictures to measure only distances b, kj and g. Substitution in 
formula (5) gives the coiresponding value for the width of the base 
for tliat particular step In making these measui cments, it is ob¬ 
vious that the heels of the right and left feet will not ordinarily be 
in contact with the floor at the same time Consequently, the frame 
showing the right heel m contact is first projected and appropriate 
measurements made, and then the film is moved along until the 
frame appears in which the left heel makes contact, and so on for a 
number of successive steps. 


( 2 ) 

( 3 ) 

( 4 ) 
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e Dniances covered by successive steps The chRiacteiistics 
eluded under this heading arc length of step and what we call the 
wave-length, in analogy to measurement of wave-length in waves 
propagated through space, as in the case of lightwaves and sound¬ 
waves. The profile pictuies showing the subject walking at right 
angles to the camera me used in the determination of the length of 
step. The method of meaquieincnt employed is exactly like that used 
in the detcimination of the width of the base as already desciibcd 
Length of step IS defined as the longitudinal distance between the 
toe of the rear foot and the heel of the forward foot 
By wave-length is meant the space tiavcrsed between the Stage I 
points of two successive cycles It thus represents the space traversed 
between the time the left heel first stiikcs the floor in two successive 
cycles. It may be determined by taking the sum of the lengths of 
the steps ending at Stages III and I and the lengths of the two feet 
/, Period The period represents the time required for a com¬ 
plete cycle and as determined by counting the number of motion- 
picture frames occuning between two corresponding points of two 
successive cycles, e g, between two successive points rcpiesenting 
Stage I, Each frame interval corresponds to 1/16 sec. A check on 
the speed of the camera is provided by the record made on each 
frame of the position of the clock-pointer on the dial 

g, Fi action of a period for vat tons stage intervals The dura¬ 
tions of the Stage intervals I to II, II to III to IV, IV to I, and the 
related intervals I to III, and III to I are readily determined from 
the graphs of the angular changes at the joints as a function of time 
The ratio of the time required for each of these intervals, to the 
total peiiod of a cycle, indicates the telaihe time occupied bv tlie 
various intervals of activities making up an entire cycle of change. 

h Velocity. The velocity of the gait may be determined by dh 
viding the wave-length or distance traversed during a single cycle 
by the peilod or duration of the cycle in seconds, A knowledge of 
the velocity of gait is of interest principally in relation to the nature 
of the gait mechanisms associated with a particular velocity ui a 
given type of subject. 

i. The position of the tfunk relative to the vertical axis. This 
measurement is rnade by determining the angle made by the axis of 
the trunk with a line perpendicular to the floor. The direction of 
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the vertical is represented in the pictures by the white plumb-lines 
which lie against the black backgioiind This measurement might 
obviously be made in each successive frame, just as was done for the 
angulai position at vaiious joints We have limited ourselves to 
determining the position of the tiunk i dative to the veitical at each 
of the stage positions 

4 A Check niff Scheiijc fo? Qualilatwe Description of Gait In 
our investigations of the mechanism of gait, a proccduic foi dcsciip- 
tion of various featuies of gait on the basis of ^'qualitative estimates,’' 
has been used to supplement the quantitative procedures described 
above The schema used for this pin pose permits a systematic, 
though lough, appraisal of a laigc numbci of the characteristics of an 
individuars gait It may, therefore, be used in certain investigations 
as a preliminaiy to more piccisc quantitative determinations) or to 
provide a means for a lapid description of an individuars gait when 
time IS not available foi the use of the quantitative procedures 

It will be noted that the schema given below includes certain 
chaiacteristics for which quantitative methods of determination have 
been described above, and also others for which we have not yet 
worked out quantitative methods. For many of them, quantitative 
methods of determination similai to those alicady dcscubed might 
readily be devised. 

A checking procedure has been found to be most convenient in 
the use of the schema. Each characteristic of gait listed is examined 
in turn and the particulai vaiiant of that characteiistic found to be 
present is checked. Where the diftcicnt variants pioposed aic not 
adequate foi the description of an individuars gait, additional notes 
may be added for the purpose 

It will be noted that, m the case of many of the chaiactcnstics 
listed, the variants mentioned piesupposc a knowledge on the pait of 
the observer of the characteristics of normal (adult) gait The 
schema cannot, therefore, be used with much assuiancc of accuracy 
until quantitative determinations have first been made of the limits 
of vaiiation in the gait of normal adults, these results used in the 
definition of the vaiious categories, and the observer trained in their 
use Prior to the acquisition of such data, the obseivcr must depend 
on his impressions of the characteiistics of noimal gait as obtained 
from gross observation, and he cannot attribute any gieat reliability 
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to Ills reports upon individuals examined on this basis It is apparent 
that the observations necessary for the use of the schema might be 
made either of motion pictuics taken of gait or directly upon an indi¬ 
vidual walking 

TJie list of characteiistics proposed for examination follows After 
the name of each characteristic, a list of variations in this character¬ 
istic that may be piesent in the gait of a particular individual is 
given The first-naincd variant is that presumed to be present in 
normal adult gait 

I Riffltiort of to Gtovnd 

A Width of base of support, normal width, unusually 
wide, 11 nil anally narrow 

B Direction of toes (angle of foot axis)' point straight 
ahead, point in, point out 

C Length of step norinnl length, unuauallv long, iinusunl- 
W abort 

II Afovcnienis of Legs 

//. RecoverliroVe 

1 *‘TaKe of!” from toe, flat-footed. 

2 Clearance of giound In foot normal clearance, foot 
drags, excessive clearance (as when subject steps too 
high) 

3 Manner of clearing 

([ Movements at hip flexes with leg in longitudinnl 
plane, flexes with leg m non-longitiidinnl plane, 
circumducts thigh, 

b Movements ot knee knee flexed, knee straight 
c, Movements at ankle foot m longitudinal plane, 
foot not in longitudinal plane 
D Ground stroke 

L Forward contact heel first, flat-footed, toe Brat 
2. Leg form normally straight, extensively flexed, ex¬ 
cessively stiff 

III Mov€ine7ds of Arms 

A Range of awing; normal range, excessive range, defi¬ 
cient range (or absent), arms held outstretched 
B Direction of swing slightly diagonally across body, 
abnormal direction (specify nature) 

C Timing with legs synchronized with opposite leg, not 
normally synchomzed (specify nature) 
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D Tension in arms normally relaxed, siiff 

IV pQsiUon of Head 

A Profile view normally erect, ventrally flexed, doraally 
flexed 

B Back or fiont view normallv erect, right lateral 
flexion, left Intcial flexion 

V Pantion of Tiunk 

/I Profile view normally erect, ventrally flexed, dorsally 
flexed 

B Front or back view normally erect, right lateral flexion, 
left lateral flexion 

VI Tola I Character istics 

A Gince normally graceful, clumsy, tendency to stumble, 

B Rhythm: regular, irregular 

C Special defects, 

Errors Involved in the Measurements 

In order to propcrl}^ evaluate lesults that may be obtained by the 
use of the various mcasuiing procedures dcsciibed above, it is neces^ 
sarv to know the magnitude of the cnois to wliidi these techniques 
of nieasutements me subject The possible types of cnors may be 
consideied under the headings of accidental oi chance errors and 
constant eirors 

1 Accidental Etfois, Accidental eirors in any proceduie of 
measurement lead to vailability in tlie results of a scries of repeated 
measurements upon the same object The magnitude of the varia¬ 
tions likely to occur in such lepcatcd measurements may be indicated 
by the calculation of the “piohahle enor of a single measure ” A 
small probable enor signifies a high degree of piccision of the parti¬ 
cular teclmiqiic of measurement used The techniques for which we 
have obtained estimates of the ^'piobablc error of a single measure” 
are ‘ (1) the measurements of the angle at the hip-, knee-, and ankle- 
joints (2) the deteiminations of the angle of the foot axis, and (3) 
the determination of the width of the base of support 

a Angular position at hip-, knee-, and anklcAohiis As suggested 
above, the dcteimination of the ”piobable error of a single measure” 
requires a large number of repeated measuiements upon the same 
physical object Conscquentlv, determination of the precision of 
measurement of angular position at any one of the joints would re- 
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quire cl senes of measurements upon a motion-picture frame showing 
the joint at one paiticiilai position The obtained index of tlie 
precision of mcasuicmciit at that particular position might not, how¬ 
ever, adequately represent the piecision obtainable with the joint 
at otlicr aiigiilai positions Deteimination of the precision at all 
positions of a joint during a cycle would be unduly arduous^ and 
not justifiable in an exploratory senes of studies We have, there¬ 
fore, attempted to obtain an estimate of the average precision of 
measurement at each of the joints throughout an entire cycle by 
means of the following procedure, 

Mcasuicinciit of the successive fiames ncccssaiy foi construction 
■of a set of graphs was icpccatcd thice times We thus had three 
measures of each position of n paiticul.ir joint throughout the cycle. 
Tacli set of tliiee measures was averaged and the deviations of each 
mcdsuic in the set fiQin the avcifigc of the three was obtained AU 
these deviations (19 x 3 — 57) were then collected togcthei and re¬ 
garded as representing deviations of measurements made upon the 
same position of the joint The probable crroi of a single measure 
was then calculated in the customary way It is appaicnt tliat the 
intention of this method is to sepmate out the vaiiations in the 
mcasiiiemciits due to accidental cnors from the vaiiations due to real 
changes ui the angle at the joint. The icsults obtained from cal¬ 
culating the probable ciiois of measurement in this way are shown 
ill Table 1, 


TABLE 1 

Ksa[MATES OF Average Precision of Mcasuriment or Joint-angle Through- 
our A Complete GycF/E or Gait 


Joint 

Estimated piobable ciroi of rneasuiement 
Right side 

Left side 

Hip 

08“ 

0 9“ 

Knee 

10“ 

1 r 

Ankle 

0 8" 

08“ 


As a clicck: on these estimates of the average precision of measure¬ 
ment of joint-angle, a conventional determination was made of the 
precision of measmement of lup^ and knee-angles at Stages I and 
III of the gait of a particular subject The appropriate motion- 
picture frames weie piojccted and 10 measures made of each angle 
being examined. The rncasuicincnts for each angle were averiigcd 



GEORGE KRECZER AND A DOUGLAS GLANVILLE 




find the ^'probable eriors of single measuies^* were determined The 
results are shown in Table 2 


TABLE 2 

Precision of Measurement of Joint-angle at SrrciFic Positions of Joints 

FOR A PARTICUIAR SAMPLE OF GaIT 


Joint 

Stage of 
gait 

Angle 

nrith 

mean 

Probable error 
of 

measurement 

Right lup 

1 

193 6" 

or 


III 

1+7 9” 

0 5“ 

Right knee 

I 

171 7® 

0 5^ 


III 

167 2"* 

0 6'" 


As the table shows> the piobable cnors determined for specific 
positions are of the s.anie ordei of magnitude as those determined 
by means of tlic special method described above Wc may, accoid- 
ingly, accept the results given m Table 1 as providing a fair esti¬ 
mate of the precision of measurement possible in the determination 
of joint'angle by means of the technique described The data on 
which are based the calculations of errors lepoitcd in tins and tlic 
following sections weie all obtained by the same observe! (Gl) 
b P^eemon of weasni ement of the angle of the foot axis As 
indicated in an eailici section, the “angle of the foot axis” is deter¬ 
mined indirectly on the basis of direct mcasuies made of extents a, 
hj hj and / icpresentcd in Figine 62? and m the following equa¬ 
tion 

/3 =z aic sin — / f ^ . (6) 

f \ 0 U 

We may calculate a measuie of piccision foi the angle if the preci¬ 
sion measures of the five factors eiitciing into the equation arc first 
determined, if, foi example, we first determine the piobable error 
of a single measure for each of the faUois or components 

The method,'* then foi detcimining “the piobable error of a single 
measure” of the angle /? consists in first deterniining the effect upon 
this angle of a given deviation in each of the components, and then 

‘*Por further details concerning procedures for calculation of precision 
measures of the dependent variable in an equation, see Goodwin (8) and 
Drisko (4-) 



130 


JOURNAL OF GJ:N1 TIC PSYCHOLOGY 


cleterinining the most probable valye of all the combined ejects. The 
effect on the angle of a given deviation in any one of the com¬ 
ponents can be calculated by obtaining foi equation (6) above the 
pmtial denvative of /? with lespcct to the given component and then 
multiplying tins icsiilt by the precision measure of that component 
When this pjoccduie has been followed m turn foi each of the 
factors 111 the equation, the most piobablc value of the combined 
effect of all the deviations in the factois is taken to be the square 
root of the sum of the squaics of the sepaiatc deviations in due 
to the vaiious devLitions in the components 

^I'hesc steps can be concisely summaiizcd as follows 
Given any relation X — F {o, b, c, * ' * ) 

Let Sfl, 8c be the piecision mcasuics {such as the piobablc 
erroi of a mcasuie) of Oj b, c, etc , let A&, Ao be the coi res¬ 

pond mg deviations m X pioduccd by these deviations in a, b, c, 
etc, and let A be the resultant effect of the scpaiate effects A^, Aj,, 
Ac, etc Then foi any component kj 





And the most probable value of A is, 

A =: \/ (Aq)^ 4^ (Ab)^ + (Ao)^ -h ’ 

To obtain the neccssaiy data foi using the proccduies just de- 
stiibed, the usual motioii-pictme lecords were made with one of the 
subjects standing in fiont of the camcia with his light foot placed 
to provide an “angle of the foot axis” of appioMmately 10*" One 
of tlic frames of these pictuies was piojectcd and 10 mcasuiements 
made of the extents aj g, b, and h lepicscntcd in equation (6) The 
mcasuics of / were made dncctly on the siibjcct^s foot Fiom these 
data, arithmetical means and the piobablc eirois of the vaiious sets 
of measurements were computed These values togethei with equa¬ 
tion (6) provided the nccessaiv inatciial foi appljnng tlie principles 
summarized above. The lesults of the measurements of the various 
factors arc given in Table 3 The calculated value of the angle ^ 
was 11.S'* with a “piobable error of a single mcasuie” of 88” The 
precision of this type of measurement thus compares f.avorably with 
the precision attained in the moie diiect mcasuicment of joint^angle 
as reported in an earlier section 
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TABLE 3 


Data Used in Cviculations or PRtcisiON oi Mi \suri:ment oi ^Vnoif of 
P oor Axis, and Width or Base 



Determination of 

Detei ininatioii of 


angle 

of foot axis 

wulth 

of base 

Factor 

Anth 

P E of .1 

Ai itli 

P E of a 

mean 

me cl SO re 

mean 

mcnsuie 

a 

32 

055 

3 0 

045 

h 

24 

038 

3 5 

015 

0 

45 

022 

48 

000 

h 

48 

000 

53 

045 

f 

25 6 

051 

— 

— 


c Piecision of ineastu ement of ihe width of the base of support 
The equation expicssing the dependence of the vvicitli of the base 
of suppoiL on (Iiicctly measuiable factois (sec Figuie 7) is 

b a 

25 - 

h g 

In the case of appropriate motion-pictme fi nines of the gait of one 
subject, 10 mcasuies wcie made of ciich of the factors on the right- 
hand side of the above equation The lesiilts are given in Table 3 
Computations earned out with tlicse data, in the manner described 
previously, icsult in a value foi the width of the base of support of 
9 cm with a “probable euoi of a single mcasuie” of .5 cm 
2 Constant Eli 01 s In this section we may consider eirors that 
may appear in mcasuicinents of the angular position at a joint due 
to constant factors piesent during certain of the measurements. 
Factors that may be consideicd hcie aie (1) diifeiences in the posi¬ 
tion of the subject in the field of view of the cameia, sucli as occur, 
for example, m the piofile pictuies when the subject crosses from 
a position diicctly bcfoic the camcia to a position at the extreme 
left or light, and (2) deviations of the plane of the leg, during 
the recovery stage, from a plane paialicl to the da action of pro¬ 
gression of the subject, due to abduction at the hip The position 
of the subject in the field of view may be specified in terms of the 
angle which a line connecting the subject to the camera makes with 
the optical axis of the cameia. This angle may be referred to as 
the angle subtended at the camcia The plane of the leg of the 
subject may be specified in terms of the angle lying between the 
plane of the leg and the plane thiough the leg parallel to the di- 
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rcction of piogicssion By -way of ciiipiiica! test of the effect upon 
tlie measurement of j-oint-anglc of the two factors mentioned, pro¬ 
file views of one subject weie taken with the joints of the leg at 
certain fixed positions, and the plane of the leg, and the position of 
the subject in the field vaned in different trials. The angles at the 
various joints \vcre then measured m the usual way The angles at 
which the joints were fixed for these trials were 120“ for the hip, 
65“ foi the knee, and 90“ for the ankle ^ 

The results of the mcasiiiements arc summarized in Table 4 The 

TABLE 4 


InFLUFNCE upon MBASURCMtMT OF JoiNT-ANOLE OF POSITION OF SUBJECT 

IN Fieid or View, and or Plank of Lpg 



A 

B 

C 


Plane of leg 

Plane of leg 



0* 

22 S" 

Differences 

Position of 

Measured angle 

Measured angle 

0° plane—22 5' 

subject 

at 

at 

plane 

111 field 

Hip Knee Ankle 

Hip Knee Ankle 

Hip Knee Ankle 

Center (C) 

125 5° 66 0' 90 0' 

120 5" 65 5" 90.5" 

0 0" 0 5“ 0 5" 

IS' to left (L) 
Difference 

125 5' 63 0° 90 0' 

121.0" 65 0" 92 0" 

—0 5"—2 0"—2 0" 

(C-L) 

0 0' 3.0' 0.0“ 

-.0 5" 0 5"—1.5" 



bottom row of the table shoM^ the differences m measured joint- 
angle found associated with diftciences in the position of the sub¬ 
ject in the fieid of view. Section C of the table sliows the differ¬ 
ences in measuied angle found associated with diffeiences in the 
plane of the leg. The laigest difference found in any case wns one 
of 3“, As reported carlici, the piactice was adopted of regarding 
any angular difference less than 4'* as lying within the limits of 
possible cxpeiimental enois, in accordance with the finding that 
the probable erior of a single measure was about It is, there¬ 
fore, unnecessary to make any special coirection in the measures of 
joint-angle foi eiroib due to position of the subject in the field of 
view, within an angle of 15^, or for angular deviations of the plane 
of the leg less than 22.5“ In the gaits of a series of noimal sub¬ 
jects, deviations of the plane of the leg, in the recovery interval, ex- 


For establishing these positions, we used a plumb-line goniometer which 
was designed for making measurements of joint-angle directly upon an 
individual, This instrument is described in a forthcoming paper (6) 
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ccccling tins amount were not observed. In case errors clue to con¬ 
stant factors, such as those discussed ^above, should prove under some 
conditions or in particular types of subjects to be of appreciable 
magnitude, calibiation cuives might be constructed which would 
permit a correction to be made in a given measurement to allow 
for the presence of the constant cirors. 

D Some Examples of the Use of the Present Method 

The method of analysis of gait desenbed in the present paper lias 
been found of value in the investigation of gait in vaiious special 
types of individual We have used it, foi example, in tracing the 
changes in gait which occur in the course of noimal motor develop¬ 
ment and m determining the defects in gait associated with ccitain 



■ 1 


FIGURE 8 

Graph or Gait oi Child (assiscpd) 

Age. 12 yrs, sex female, compaicd with graph foi normal adult 
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FIGURE 9 
Graphs of Gait 

Mongolian mental defective compared with normal adult 

developmental dericieiicies. The detailed results of these studies 
will be reported in later papeis, By way of ilhistiation, howevei, 
Figures 8, 9, and 10 aie included lieie to show the nature of the 
curves obtained fiom the use of the method with a number of spe¬ 
cial types of individuals Figure 8 shows cuives lepresenting the 
gait of a child shoitly before she learned to walk without support, 
Figure 9, curves rcpicscnting the gait of an adult male Mongolian 
mental defective, and Figure 10, cuives leprescnting the gait of an 
adult subject with infantile cerebral palsy of the spastic type In 
each case the cuivc of a mentally normal adult without motor defects 
IS included foi compaiison Even casual inspection of the curves 
reveals marked diftercnces in their characteristics lelativc to those 
of a normal individual and indicates the sensitivity of the method 
m providing conciete measures of deviations from normal gait which 
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FIGURE 10 

Graphs of Gait 

Spnstic subject compared with normal adult 

may be but vaguely sensed as <i lesiilt of ordinary methods of observa¬ 
tion. More complete data on the gaits of these different types of 
individual 'will appeal in latei reports 
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THE POSTOPERATIVE EFFECTS OF REMOVAL OF 
THE STRIATE CORTEX UPON CERTAIN UN¬ 
LEARNED VISUALLY CONTROLLED 
REACTIONS IN THE CAT* \ 

Uiit^versUy 0 / Rochester 


Karl U. Smith 


/I, Introduction 

The Intelpictation of the mainteiitincc of ccitJiin unlearned^ vis¬ 
ually cicteimined reactions in mammals aftei dcstiuction of the 
occipital cortex in relation to the visual sensitivity of the^e animals 
has presented a pioblcin since the caily obseivatioiis of Goltz (9), 
Munk (25), and otheis of their time These cxpcrimeiiteis ob¬ 
served that, after decoitication or aftci lemoval of the occipital 
lobes m the dog, closiuc of the eyelids and pupillaiy const net ion to 
maiked changes in retinal illumination could be elicited in a nian- 
ner not unlike the manifcbtations of these reactions in the normal 
animal Mimk believed that the ability of tlic animal to blink to a 
bright light was no indication of vision, but Goltz held that an 
organism possessing this capacity could not properly be called blind, 
More recently, many observers have been concerned with the 
neural contiol of the pupillary, paipcbial, and othci unlearned 
visually contiol led reactions, especially in 1 elation to the functions 
of tlic cortex, thalamus, and mid-brain 

Observations have shown that cortical extirpations of any sort 
have no influence, eithei quantitatively 01 qualitatively, upon pupil¬ 
lary constriction (Byine, 1933). However, many experimenters, 
among whom may be mentioned Karplus and Krcidl (10) and 
Parsons (26), have noted that pupillary dilation may be induced by 
electrical stimulation of vaiioiis areas of the cerebral coitex, Kar- 


^Received in the Editorial Office on August 5, 193t) 

fThe expeliments reported here were conducted in the Psychological 
Laboratory of Brown University. 

^The term unlearned is here employed to designate the fact that the 
responses under consideration were present in the normal animal at the 
start of the experiments. 
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plus and Kreidl showed that, although clectiical stimulation of the 
frontal cortex induced pupilhuy dilation, elimination of this pait 
of the biani in cals did not abolish the response upon electrical 
stimulation of the liypothalamus. Byrne (4), m extensive expcii- 
niPnts with cats, has established that decortication or lemoval of 
the occipital lobes docs not modify pupilLiiy dilation when it is 
induced by ictmal illumination ot by means of elcctucal stimula¬ 
tion of other paits of the body 

Taking the evidence just cited find additional obscivations of the 
effects of the injection of crgotoxinc upon pupillaiy dilation le- 
sulting from coitical stimulation, Byrne (4) aigiics that the cortex 
does not contain ccntcis which diiectly mediate pupillary dilation 
or constnctiojL He holds that electrical stimulation of the frontal, 
occipital, and tcmpoial areas of the coitcx gives use to pupillary 
dilation or constiiction only indirectly, and then only under such 
coiulitions as may involve coitical stimulation of a degree sufficient 
to give rise to a general rcvciberation of nervous effect comparable 
to a ^'staitle*’ leaction 

The dependence of pupillary dilation and constriction upon con¬ 
nections in the thalamus, hypothalamus, and mid-biain, as indicated 
by experiments involving clcctucal stimulation, cxtnpatlon, and 
drug injections, has been considcied in great detail in the work 
of Bcchtcrew (3), Byrne (4), Feiricr and Tiuncr (7), Kaiplus 
«nnd Kricdl (11), Keller and Stewart (12), Magoun (20), Ran- 
son and Magoun (27, 28), Sachs (29), and Spiegel and Nagaska 
(33), to which the rcadei is referred for extended consideration 
of this general topic, 

The iieuial relations of palpebral closure and widening, as well 
as coiicsponding lens icacttons, have not received tlie wide atten¬ 
tion heretofore directed toward the understanding of pupillary re¬ 
sponses Marquis (21) comes to the conclusion that, in man, 
reflex closure of the lids to increase in retinal illumination is pei- 
mancntly lost after bilateral destiuction of both occipital lobes He 
bases liis statements upon the levicw of nine cases of individuals 
blind m consequence of occipital lesions Hilgard and Wendt (8) 
conclude, similarly, that lid closure is mediated cortically m man, 
although these invcstigattpr<5 found that this response could be 
elicited by shining a veiy biight light into the supposedly blind por- 
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tion of the visual field of a patient with the right occipital lobe 
destioyed They explain the outcome of then observations as a 
result of the spicad of the light to unaffected legions of the visual 
field 

As a result of the experiments with decorticate ammals (Byme, 
1933, Goltz, 1892; Munk, 1894; ten Cate, 1934), however, it 
seems safe to conclude that the coitcx m the cat and dog does not 
contain fibcis which aic necessaiily involved in the maintenance of 
icflex closure of the eyelids to changes in light intensity By me (4), 
whose ingenious cxpeiiments have covered tlic nciual control of 
all phases of the pupillaiy, palpcbial, and lens leactions, lias empha¬ 
sized then cooperation with one another in connection with the 
gencial statement that icflex adjustment of the lids togctliei with 
coiicsponding pupillaiy and lens icactioiis aie mediated tinough 
subcoitical rctino-nciual pathways He bases this conclusion upon 
a quantitative analysis of pupillary, palpchial, and lens icactions m 
relation to decoi tication, vaiious types of brain-stem tiaiisections, 
and the effects of diug injections. 

Altlioiigh much is vet to be known concciiiing the relation of 
the coitcx to the lesponse of the pupils, lids, and lenses, thcie is 
yet a gicater dcaith of knowledge icgniding the involvement of this 
part of the brain in cooidirratcd and conjugate movements of the 
eyes Spiegel (31) and Spiegel and Tesclilei (34) have shown 
that the lateral movements of the eyes, induced in cats by means 
of electiiCril stimulation of the frontal and occipital cortex, may be 
modified by bilateral injuries to the vcstibuhu nuclei. The results 
of the experiments arc said to indicate that hoiizonial movements 
of tlie eves are abolished as a result of such injuiics, wheicas vci- 
tical movements aie not so modified On the basis of the icsults of 
additional expenments, Spiegel and Aionsolin (32) conclude that 
the vestibular nuclei arc mlcicalated in the patliwav of cortico- 
fugal impulses to tlie efferent mechanisms of horizontal eye-move¬ 
ments It may be said, theiefoic, that the coitex does not contiol 
such movements diiectly, According to Maiqiiis (21), fixation 
movements of the eyes aie abolished in dogs after lemoval of tlic 
occipital lobes 

Yet another aspect of the undeistanding of the reactions under 
consideration is that of thcii learned stimulus control and then 
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reIatio[i to icsponses of the oigaiusm as a ^Yholc, Maiquls (22) has 
been able to show m this connection that palpcbxal closure may be 
conditioned m dogs and monkeys a^ter destruction of the occipital 
lobes, when the conditioned stimulus consists of a light which will 
not otherwise elicit the leaction In addition, Byine (4) has 
stated as a result of liis extensive experiments 

"The mechanisms foi closiuc of ihc palpcbrac, pupil and lens 
(accommodation) act synchronously in a co-ordinated manner 
with one anotlici as well as with the basic mechanisms which 
mediate whatever movements or adjustments in approacli—for 
pm poses of aggression or invcbtigation—the animal may be 
making, voliiiitpiily or automatically ” (p 102) 

"The mechanism which mediates reflex palpebral widening 
has, tliroiigh the medium of the afEective (includes the nocicep¬ 
tive) close functional leUtions with the mechan¬ 

isms which mediate reflex widening of the pupils and lens 
(accomiiiodaiion for distance) that the thiee sets of mechanisms 
function as a closely co-orclmated unit’' (p HO), 

Excepting the statements of Byrne (4) and Maiquis (22), just 
cited, and those of Golt^ (9) mentioned at the beginning of this 
paper, none of the obseivers quoted and none in the author's icc- 
ollectioii has laid emphasis upon the fact tliat unlearned ocular 
responses, either as they may be elicited in the noimal animal or in 
the animal without visual oi ncocoitex, indicate certain psychologi¬ 
cal capacities of the animal to iCi>pond to external stimulation 
The Investigation of these reactions m animals lacking coitical con¬ 
nections of the visual system should, therefore, lead to a better 
undeistanding of the functions of the striate cortex and of the oigaii^ 
i/ation of the central optic system m respect to diftcrcnt psycho¬ 
logical adjustments 


Experiments 

1 O^servatiofis Three different scries of experiments were 
made involving the obscivation m noimal animals and in animals 
lacking the visual coitcx of (1) palpebial closuie to changes m light 
intensity biought about by movement of the experimentei’s hand 
before the animals' eyes, (2) compensatory movements of the eyes 
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m cl rotating visual field,^ (3) visual placing reactions of the fore- 
limbs under difieicnt stimulus conditions, including ciicumstanLCs 
of stimulation \vhich may be said to be comparable to those utilized 
in the second seiics of experiments Observations weie made at 
periods of one week, two weeks, three weeks, thice months, and 
five months after the operations, using different animals at the 
d life lent periods of examination 

2 Opctailons. The extent and cliaiacter of the visual coitex 
of the cat has been described m detail bv Alouf (1), Campbell (S), 
Koppen and Lowenstein (13), Winkler and Pottei (36), and 
others, among whom theie is a close agreement fis to the anatomical 
limits of this ajca The piccisc delimitation of the area by observa^ 
ble landmarks on the suiface of the brain permits, at the time of the 
operations, a deteimiiiation of the extent of the visual coitex re¬ 
moved 

Bilateral operations weic pcrfoimcJ in one stage on five animals 
(Subjects 17, 29, 36, 37) and in two stages on one animal (Sub¬ 
ject 30l, under completely aseptic conditions In an additional con¬ 
trol kitten (Subject 43), the stiiatc cortex was removed on one side 
only The operations were earned out under Nembutal anesthesia 
(Pentobarbital sodium'*) Alter adequate cxposuie of the occipital 
lobes bv approaches tlnough the skull under the temporal muscles, an 
excision was made along the lateral sulcus, well within the boun¬ 
daries of the second external convolution, extending from the 
vicinity of the Sulcus ansa tub beyond the poster loi termination of 
the lateral sulcus. The cut with the cautery wris directed in such 
a manner as to sever the optic radiations* Then, using a small 
blunt spatula and bent-nose forceps, the excised lobe was carefully 
dissected out, care being taken to observe, as the lobe was removed, 
whether or not the dissection included, on tlic medial side of tlic 
brain, the Sulcus splcnialis along its entire length The piece of 
tissue was thereafter removed and fixed in foimalm for further 
examination Although complete anatomical controls concerning 
tile operations are not yet available, the nature of the extiipatrons 
can be understood by reference to Figure 1, in Mdiich are repro- 

^Dr D G Marquis has reported similnr observations before the Psycho¬ 
logical Colloquium of Brown University on reactions in dogs 

*Abbot Laboratories, North Chicago, Illinois 
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figure I 

TjJi Dissfcted Occii>itae Lodes or inr Dimerent Sudjucts Usld in the 

EvPrUlMLNTS 

The lohes ^vcrc removed intact in all animals except that of the right hemis¬ 
phere of Subject 28, the posterior poitions of which were bioken off during 
the opera lion Subject 43 was only 28 da Vs old when the left occipital lobe 

was lemoved 

duced ill actual photogi.iph ;ts well as m chagiam the dissected 
QCi^ipital lobes of the difleient aiiimjils employed in the expeiimcnts. 
The diagiamsi which have been, superimposed upon a diawing o^ a 
nounal in am, are intended only as appioximations of the extent of 
tissue removed 
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3 SiibsidiOf y OhsetvatiOHs of the Behavio} of the Anunals lOtih 
Complete Bilataal Rejiiovnl of the Sinate Coite\ All of the ani¬ 
mals with bilateral opeiatioiis employed in the piesent experiments 
port laved diaractciistic defectb of visual capacity, wliicli liave been 
noted by previous investigatois in the dog, cat, and monkey after 
removal of the visual ateas Subsequent to the opeintions the 
animals employed heie wcie able to avoid objects placed m their 
path only by coming into diicct and abiupt contact with sucli obsta¬ 
cles Undci normal conditions of illumination a quick movement 
of the expeiiinentei’s hand dnectly bcfoic thcii eyes failed to evoke 
the quick retiaction of the head and the icHev closuic of the eye¬ 
lids so typical of the visual behavior of the noimal animal under 
such ciicumstances They weic found to be iinahlc to locate food 
quickly and efficiently when it was placed in thcii near vicinity, 
although effective behavior of this soit could be learned if the 
food was located day aftei day in the same spot within their indi¬ 
vidual quaiters None of these animals could be induced to climb 
stairs by means of any soit of incentive, noi would they descend 
from an elevated suiface if the conditions did not pcimit them to 
toucli the floor oi to gain foothold along the sides of the platform 
upon which they wcic placed Ttius, animals placed on a low 
tabic, 25 cm m height, with the legs set back fiom the edge so as 
not to aftoid any sort of foothold, would repeatedly tiy to touch 
the flooi in order to descend, but, failing, would leinain in that 
predicament until removed 

Normal animals, and the single kitten with the stiiate cortex re¬ 
moved on one side only, failed to show any defects of the sort just 
desciibed, noi have such distuibances in bchavioi evei been observed 
for moie than a few days in animals with extensive but incomplete 
removal of the visual areas These observations agicc in all details 
witJi the picture of coitical hlindncbs lesiilting fiom complete re¬ 
moval of the striate aicas in cats and dogs described by Maiquis 
(22), Minkowski (23, 24), ten Cate (35), and otheis Hence, the 
responses licrcaftei described aic iindeistood as being correlated with 
typical symptomatic defects consequent upon complete removal of 
the visual cortex, which liave been observed by piioi invcstigatois. 

4 Appajatiis and Ptocednte In making obseivations of the 
responses of the eyelids to alteration in light intensity, the cxperi- 
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mentor sat in a chair directly in front of a strong light source In¬ 
tense illumination was obtained by placing a 500-vVcitt bulb in a large 
parabolic aluminum reflector that was dnccted toward the animal 
as it was held in tlie cxpcnmentei’s lap. In each case a distance of 
72 cm, intervened between the suiface of the cornea of the cat's eye 
and the light source. After quieting the animal by stioking its 
head, the light was tuined on and the action of the pupils and lids 
obseived, With continued adaptation to this illumination, the lids 
were found to be moderately closed and the pupils reduced to a 
width of 2 to 3 mm After adiiptation to the continued illumination 
had taken pUce> an assistant quickly passed his hand between the 
light souicc and the cat^s eyes at n distance of appioximately 10 to 
15 cm in front of the head of the animal As a control observation, 
a piece of caidboaidj 10 cm wide and 25 cm long, was also moved 
in a vertical plane between the animars head and the light source at 
the same distance in front of the eyes 

Forced lateral movements of the eyes contioiled by external 
stimulation m<iy be elicited in cats by lotating a striated black and 
white pattern aiound the animat, according to the method employed 
by Schlieper (30) in the investigation of coloi sensitivity of inver¬ 
tebrates (Figure 2) The pattern employed m these experiments 
consisted of black paper strips, 512 cm wide, placed vertically at 
equal intervals of 5.12 cm upon white oilcloth, whicli was stretched 
uniformly upon a large cylindrical frame, 110 cm high and 122 cm. 
in diameter, The bottom of the drum as well as a rim, 20 cm. 
wide, around its top were also covered with the black and white 
stripes 

A heavy steel shaft, attached to the imdci side of the drum at 
Its ceiiCci, lotatcd m a bearing mounted upon a heavy non base. 
The drum could thus be lotated unifoimly by means of a motor 
and pulleys fixed to the shaft of the motor and to that of the rotat¬ 
ing drum. Suspended to a beam above the drum and extending 
downward 100 cm A\ithin it was an iron rod, 2,56 cm m diameter, 
on which was clamped a small wooden platform, which was so lo^ 
cated as to peimit the adjustment of the animal’s head at a point 
equidistant from the sides of the cylinder. The animal was restrained 
in a box-holder and so placed upon the platfoim that its head was 
held in a horizontal position. During the experiments^ the cat, re- 
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FIGURE 2 

The Apparatus Used in the Odservation of Compensatory Eye-Move¬ 
ments TO A Rotating Striated Pattern 









14-6 


JOURNAL OF GI'NrriC PSYCHOLOGY 


Strained m the box-Jiolciei, was loweicd to a point 90 an below 
the level of the top of the cylmdci, and the pattern on the sides 
of the diiim was thcieaftei lotated entnely independently of the 
naimal itself 

Tlie opening in the top of the cliurn was covered, duiing expeii- 
mentation, bv a iigid, white, cuculai screen, which contained an 
aperture foi the loci suspending the small platfoim It also con^ 
tallied an apcituic foi making observations of the movements of the 
animal, cithci by means of motion pictuies or by means of direct 
obscivation This scicen could be laiscd and lowered in oidei to 
petmit die placing of the animal upon the platform as well as ic- 
moving the cat aflci each experimental setting The inside of the 
appaiatus was illuminated by means of two SOO-watt bulbs, one 
mo mi ted at tlie ccntci of the sciecn above the rotating drum and 
tlic othci placed at the ccntci of the bottom of the dium Obseiva- 
tions on thicc noimal animals, one kitten with unilateial icmoval of 
the stnatc cortex, and five animals with complete icmoval of the 
visual aicas weie supplemented in every case by motion pictures 
taken through the apertme in the scieen above the dium 

Dvnmg the examination of visual placing reactions of the foie- 
limbs, the experimenter giaspcd the cat beneath the t hoi ax and 
aiound the hind quartcis and moved it slowly toward the top siir^ 
face of a table Two types of visual placing leactions weie tested. 
(I) those ordmauly elicited by moving the animal m a hoiizontal 
diiection towaid a suiface, and (2) those oidinaiily elicited by low- 
ciiiig the animal in a vcitical diicctioiij head downward, towaid 
a surface. 

Experiments were earned out under tliiee diffcient Ciicumstances 
of visual istinuilatiQu In a fiist scites of tests the reactions we\c 
obseivcd undci ouliiiary cucumstniices of stimulation, such as that 
obtained at midday without the aid of accessory lighting, In these 
tests the animals wcic examined by moving them towaid the top 
sutface of a table, measuring 108 by 72 cm,, which picsented a com¬ 
pletely white suifacc. In a second scries of tests, attempts were 
made to elicit both the hoiizontal and vcitical placing icactions 
when the top of tho table was covcied with black caidboaid stupes 
5,12 cm. in width. The stiipcs were fiimlv attached to the top of 
the table m such a manner that equal distances of 5 12 cm. sep- 
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aratecl the stupes In a thud sciics of observations the top of the 
table exhibited a black- and whitc-stiiped pattern of lines 10 24 cm 
in width In the second and thud sciics of obscivations, the table 
was illuminated by two 500-watt lights placed in laigc, paiabolic 
aluminum le flee tors, which weic located 100 cm above the opposite 
ends of the table Obscivations of two normal animals, one kitten 
with complete unilateral removal of the stiiatc cortex, and six ani¬ 
mals with complete lemoval of the visual aieas wcic supplemented 
in cacli case by motion-pictuic iccoids taken duiing the course of 
the ex.imiiialions, 

5 Results 

(i Palpebial lesponses induced by ohjctts movtnq acioss the 
•visual fieUL Two noimal animals and one animal xvith unilntcud 
icmoval of the stiialc coitex exhibited, nndei conditions of day¬ 
light illumination, icflcx closuie of the eyelids when the experi¬ 
menter quickly moved his hand oi othei objects actoss theii field of 
Vision They also gave such icsponses imdei cxpeiimental conditions 
in ivhich then eyes wcie adapted to high illumination The ic act ion 
was elicited when the movement of objects, either the haiul of the 
expeumentei oi a piece of caidboaid, took place 10 to 25 cm in 
front of the cotneal sui faces Five animals with complete bilateral 
icmoval of the stiiate coitcx failed to lespond in a sumlai way 
undei daylight illumination at the diffcient intcivals of time after 
the opeiAUons during which the reactions were observed. 

Under tile conditions of intense illumination in vvIhlIi the animal 
was held at a distance of 72 cm in fiont of a 500-watt source, 
shining diicctly upon its head, movement of the expeumenteihand 
acioss the visual field evoked in the operated animals icflex closure 
of the eyelids in i espouse to the change in letiiial illumuiatioii 
hi ought about by the inovemciit The reaction could he elicited only 
when the hand was passed at distances of 10 to 15 cm in front of 
the aniinars eyes, and, rvhen so elicited, consisted in complete closuie 
of the eyelids which wexe ah cad v paitlv nan owed in consequence 
of the heightened' lUiimination Tlie lesponse is tlic same as tliat 
observed when <i stiong light souicc is quickly picsenled to the cat 
after daik-adaptation or aftci the animal has become accustomed 
to normal conditions of illumination, and, sunilarlv, clisappeais with 
lepcated stimulations 
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IVo contiol obscivations point to the fact that the lesponse was 
(letermmcd by changes m retinal illumination lathei than by changes 
in tactual stimulation induced by an currents set up by movement 
of the hand in fiont of the animars head. On the one hand, the 
failure of the response to appear m the operated animals without 
visual cortcY iindei normal conditions of illumination shows that 
such facconjaiy soiuccs of stimulation weie not involved in the* elici¬ 
tation of the response On the other hand, the movement of the 
card across the visual field under the conditions of heightened illu¬ 
mination, an opcifition winch i educed to a mmunuin these secondary 
souiccs of stiiniiUtion, evoked the icspoiisc undei the ciicumstanccs 
dcsciibcd. 

h Compensaio)movements of if\e eyes m n lofciiinff visual 
field In the normal adult cat, rotation of the Visual field, accoid- 
mg to the method described in the foiegomg section, gives "rise to 
forced latcial movements of the eyes in the ducction of the lota- 
tlon, folloued by a quick recovciy movement in the direction oppo¬ 
site that of the lotation, The question as to whether or not sudh 
adjustments can be considcicd as tiue nystagmic movements is not 
a direct conccin of the present discussion, although the fact may be 
pointed out that, aftei lotation of the field has ceased, no after- 
cftects of lotatlon could be ai^ceimined In iiddition, the responses 
weie observed to cease after a few minutes of rotation, the cat tlierc- 
aftci falling into a lethargic sleep-]ike state with eyes partly or com¬ 
pletely closed. 

Using R speed of lotation of approximately 3 i pm, a single ani¬ 
mal with unilateral lemoval and five animals with complete bilateial 
removal of the visual coitex were obseived to exhibit forced lateral 
movements of the e 5 'es which could not be diffeicntiated from those 
of noimal auimtals. Roveisals of lotation gave rise to reversals 
in the direction of the movements, and incicase in the speed of rota¬ 
tion up to a certain point was found to produce noticeable increase 
m the speed of the movements Reduction m the level of tlie 
Illiimiiiation of the visual field bv utilizing two 50-watt instead of 
two 200-watt lights in the apparatus failed to eliminate the re¬ 
sponse in two animals with bilateial removal of the striate cortex 
Ko observations were made with lines of a width greater or smaller 
than 512 cm, although the method here employed offers a means 
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of svich variation in the measurement of the visual acuity of animals 
so picparcd The observations were supplemented by motion'picture 
records of the responses found, 

c Visual placing leactions of the foielimbs The observa¬ 
tions made in this study upon the effect of removal of the visual 
coitex upon visual placing leactions constitute an extension of the 
experiments of Baid and Orias (2), in which it was found that 
such operations eliminate these icactions in the cat when tested 
under normal conditions of illumination In the present experi¬ 
ments, five animals with complete bilatcial removal of the visual 
cortex failed to exhibit either hoiizontal or vertical placing reactions 
uiidci conditions of daylight illumination, oi when moved towaid 
tile top surface of a table which was highly illuminated Nor were 
tlicse leactions evoked when the animals wcic moved towaids 
Striated smfacc which was similai to that utilized m the expeiiments 
with the rotating visual field. In compaiison, one animal with uni- 
lateial lemoval of the stiiate coitcx exhibited these icactions under 
all conditions of illumination and undci all cucumstances m which 
different suiface patterns wcie employed on the table 

C Discussion 

On the basis of an objective interpictation of the responses ob- 
seived in the piesent expeiiments, the following conclusions mav be 
drawn conccining the visual capacity of the cat following removal 
of the visual coitex 

The first senes of obseivations on palpebial icactions dcmonstiate 
that, aftei complete extiipation of the striate coitex in cats, there 
me maintained differential iespouses of the eyelids which may be 
pioved to be functionally ielated to changes in visual intensity in¬ 
duced by movement of objects acioss the visual held The obseiva- 
tion that these animals give avoidance reactions to movement of a 
card 01 of the expciimenter^s hand across a highly illuminated field 
is significant in showing that changes in letinal illummation, so 
induced, mav scivc as a basis for avoidance icactions to “objects’^ 
or to ^‘threatening gestuies ” Accoidingly, it is concluded that cats 
lacking the visual cortex possess a rudimcntaiy capacity to avoid 
‘^objects^' 01 “threatening gestures/’ an inteipretation which is in 
no wav contradicted by the fact that the responses upon which this 
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capacity is based aie piedommantlv contioUed by changes m light 
intensity. That no such ambiguity of inteipicUtion exists is shown 
by the fact that, in iioimaL animals* gencialized’ icactions in avoid- 
aiicc of objects may Jenve diiectly fiom changes in letinal illumina¬ 
tion as well as from difteidices m visual size, color, pattern, or 
movement The diftcicnce between the lesults obtained here and 
those secured by previous expctiincnters who liavc failed to observe 
simdai 1 espouses m the dog aftei removal of the visual areas is 
explained by the heightened conditions of illuminatioa utibzed m 
tho present expcumcnts 

Failuic of destruction of the stiiatc aieas to abolish compensatory 
cye-mo vein cuts to a inoYing striated pattern points to the fact that 
these leactions aic subcoitically controlled Then functional cor¬ 
relation m the operated animals with the speed sind diiectron of the 
iota ting pattern peimits the conclusion that the nervous mechanism 
by means of winch these responses arc deteimined, aic also capable 
of mediating impulses associated with movement and pattern vision, 
Since the localizing icac^tions of the eyes in the normal animal are 
considered as evidence of "object" vision when such reactions are 
based upon fixed or moving pattcined contours in the field of vision, 
the responses observed heie in cats without stiiatc coitex may also 
be taken as evidence for a type of object perception 

Tile experiments made here confirm the observations of Bard and 
Orias (2)> x\ho found that placing reactions of the foielimbs m the 
cat are abolished by icntoval of the stimte areas According to the 
piescnt investigation these responses aie apparently lost not only 
under normal conditions of illimiination but also in relation to vari¬ 
ous kinds of patterned stimulation undei cucunistances of increased 
general illumination Striated patterns, which, when lotated around 
the head of the animal, evoke forced lateial deviations of the eyes, 
fail to elicit placing ieaction$ of the forelimbs when the animal is 
moved hoiizontally or vertically in their direction. These expeu- 
nicnts, therefore, indicate a critical division of function between 
the neural mechanisms mediating localizing ocular reactions and 
those determining the visually contioiled orientations of the forc- 
bmbs and trunk 

Additional significance may be attached to the data here seemed 
by consideiing the lelation between the results of the present expen- 
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mciit3 and those obtained jii investigations of the visually conti oiled 
disciiminativc bchavioi of inaramaU without the striate cortex The 
experiments of Lashley (H, 15, 16, 18) and of Maiquis (21) with 
the lat and dog have shown that maniinals dcpiived of the visual 
cortex lose, but can recover, the capacity to disciiminatc intensity 
difteidices in vision Marquis faded to find any maikcd increase 
m tlic threshold for the discriitiination of two lights in dogs after 
complete icinoval of the striale aieas, but Lashley observed some- 
wJiat moic Significant threshold modifications in rats A question 
arising out of these expcrnirents has been What is the psycho¬ 
logical chaiactcr of the icsiJunl visual function in mammals lacking 
both of the piojcction areas of the visu<d system? Lashley (17) 
and Lashley and Frank (19) attempted to answer this quciy iii 
experiments witli lats, in which it was shown that animals com¬ 
pletely deprived of the stiiatc areas permanently lost the ability to 
discriminate diffcicnees in visual pattcins undci ciicumstanccs of 
daylight vision The immediate conclusion of the cxpciimcnts of 
Lashley and Fiank has been, theicforc, that mammals, after aboli¬ 
tion of the cortical connections of the cential visual pathways, 
cntiiely lose pattern discrimination but retain a crude capacity for 
brightness vision, although Lashley (18) himself has made certain 
rcseivations legardmg such an hypothesis, because there seems to 
be a demonstrable relation between intensity disci imination and 
pattern vision It is very difficult to sec, for example, how an ani¬ 
mal can localize two lights in the field of vision without being able 
to distinguish contouis of light, a capacity ordinalily defined as pat¬ 
tern vision Marquis, howcvci, attiibutes the maintenance of 
brightness discrimination in liis animals to a primitive type of HgJit 
Vision and believes that mb defects as the inability to avoid obsta¬ 
cles, the failure to respond to thicatening gc'^tiires under certain 
condrtions of illumination, etc, aic a direct icsult of a specific loss 
in what he calls “object vision ” This capacity is assumed to be 
associated with the functions of the ceicbral coitcx as it has become 
elaborated in animals such as the dog in mammalian phylogenetic 
development 

Properly considered, the present experiments bung forward cer¬ 
tain points of evidence contrarv to the vierv that only the cortical 
processes of the visual system arc capable of mediating responses to 
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cliaiifjeb in pattern oi to the location of objects Rather, the data 
here secured seem to bhow that the subcortical neiaal pathways 
controlling the reactions of the eyelids an.d of the eye, us a whole, 
arc difterentiated to such a dcgicc as to diiect adjustments in con¬ 
junction with chuiigcs in pattern and movement in the visual field. 
These statements do not mean, of couisc, that pattern vision may 
not be lost in the operated animals lu relation to discriminative 
orientations uiidci ceitain conditions of gcncial illumination They 
do mean, howcvci, that diifeicnt lespon^cs must be considered in 
attempting to understand the neural basis of pattern, movement, 
and object vision. So fai as the wuter is avvaic there is avtulable 
no explanation of the appaieiit functional sepaiation between tlie 
neural mechanisms of the oculai reactions and those of visual plac¬ 
ing icnctions to changes in pattern and movement Evidently, as 
shown hero by the experiments on compensatoiy eye-movements and 
visual placing reactions, this division of function cannot be attiibuted 
to the differences in stimulation employed in testing these reactions, 
although subsequent expeun^entation may piove this to be in part 
the case In le&pect to other similai conflicting data 

The foregoing discussion laiscs a question as to the relation be¬ 
tween the subcoitical mechanisms of the ocular leactions and the 
functions of the visual cortex m rcgaid to pattern, movement, and 
object Vision Accoiding to the lesults obtained in this study, the 
striate coitex of the cat seems to constitute a mechanism of more 
elaboiate difteientiation for these paiticular psychological adjust¬ 
ment') which are mediated also in a simplci way at othei levels of 
the visual system Theie is no foundation in fact foi the view, 
howcvei, that the functions of pattcin, movement, and object vision 
liavc been eiitiiely ”coiticalizcd” m phylogenetic development up to 
and including animais sucli as the cat In lespect to the oiganiza- 
tion of the central visual system in this animal, the present evidence 
seems to prove that the subcortical processes function m coopeiation 
with cortical mechanisms in the mediation of pattern, movement, 
and object vision The suhcoitical vi5»ual processes in the cat main¬ 
tain, in part at leasts the localizing functions (responses to pattern, 
inoveinent, and objects) mediated tluough the mid-biain and thala¬ 
mus at moic primitive levels m phylogeny. 

In the foicgoing interpretations, the question has not been raised 
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as to whctiici or not the visually contioiled palpebral icactions, com- 
pcnsatoiy cye-movcmciits^ and pLiciiig icactions of the forelimbs m 
tlie noimal and operated cat involve phenomena which ate said to be 
dcsciibed by the expiession ^‘conscious visual experience,” As far 
as the wiitei is awaie, thexe is at present no method of obscivation 
available by means of which an aiiswci to tins question can be 
secured It should be noted, m addition, tliat the problem of the 
ielation between "consciousness” and heliaviot can be considered as 
distinct fiom, and, indeed, cntuely beyond the sciCMitific questions 
of the stimulus and neural contiol of behavioi in phylogenetic and 
ontogenetic development (Carmichael, 1933). Similailv, according 
to the opinions of the picsent wiiter, it seems possible to view ,is 
insoluble the oiigmal ptohlem raised by Goltz (9) and Munk (25) 
concerning wbetbei or not the unlearned ocular xeactions aie a tiue 
indication of “visual cxpeiicncc” in manuiials lacking the coitical 
pathways of tlic optic system In icgard to adjustments based on 
visual stimulation in cats lacking the stiiate coitcx, howevci, the 
piesent lesults seem to pxove that these oculai reactions involve 
stimulus-i espouse relations which may be defined in objective terms 
as movement, pattern, and object vision With lefeicnce to the 
visual placing icactions of the foielimbs m the same animals, similai 
relations aie not demonstiable 

D Summary and Conclusions 

Tile expeiiments may be summarized as follows 

1 Complete icinoval of the visual coitcx in six cats was fol¬ 
lowed by the appearance of typical defects in the ability to avoid 
obstacles, to locate food, to climb staiis, and to descend from ele¬ 
vated sill faces on the basis of visual cues These deficiencies of 
bcliavioi weie found over the entire peiiod of time duiing winch 
the animals wcic undci obscivation, 

2. Although closure of the eyelids to movement of a card or of 
the cxpeiimentcr’s hand undci noimal conditions of illumination 
could not be elicited in five animals, such iespouses wcic evoked in 
all five when the caid or hand was moved acioss the visual field of 
the animal undei extremely high ictinal illumination 

3 Fojccd Intelal deviations of the eyes to a rotating striped pat¬ 
tern weie obseived in five of the animals aftei the operations 
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4 Visual placing le.ictions of the forclimbs wcie abolished in 
t,i\ aniinals under ciicumstaiiccs of stimulation similai to those em¬ 
ployed ill testing cye-moveinents 

5 The failiiie of the bilateial lemoval of the stiiate areas to 
abolish the avoidance leactions of the eyelids to movement of the 
cxpciimciitci’s tiand acioss the visual field uncici heightened condi¬ 
tions of illiunination is taken as evidence for a mdimcntaiy type of 
‘^objcct*^ perception in these animals. 

6 Tlic faihue of tlic bdatcial icmoval of the stiiate areas to 
abolish foiccd lateral movements of the eyes to a iota ting stuated 
pattern points to the existence of movement and pattern vision in 
catb lacking the visual cortex 

7 The abolition of visual placing icactions of the forclimbs to 
dlfteicnt stuped suifaccs indicates ciitical division of function be¬ 
tween the nervous mechanisms of pattern vision mediating ocular 
reactions and those conlioHmg the visually determined icsponses 
of the trunk and foi climbs 

84 III respect to pattern, movement, and object vision in the cat, 
the subcoitical ncuial mechanisms of the ocular reactions seem to 
function in coopeiation with moio highly diftcrentiated cortical pio- 
cesses The siibcoitrcal neural pathways of the central visual sys¬ 
tem III the cat letain in pait the localizing functions which arc 
mediated entirely through the niid-biaiii at moie pnmitive levels in 
phylogcny, 


References 

1 Aloup, I Die vergleichende Cytoarchitektonic <icr Aiea Striata J 
Psychol ft Neurol ^ 1929, 38, 5-41 

2. Hard, P, & Orias, O, Localised cortical management of visual and 

labyrinthine placing reactions Amer J Physiol, 1933, lOB, 2-3 

3. nECHTlREW, W» Fuiirtionen dcr Ner\encemra Vol II Jena Fischer, 

1909, Pp viii + 693-1336 

4. Byrmh, j G Studies oil the physiology of the eye London Lewis, 

1933 Pp xu+428 

5 Campdcll, a, W Histological studies of the localization of ceicbral 

function Cambridge Ctimbndge Univ, Press, 1905 Pp xx+428 

6 Carmichael, L Origin and pienatal giowth of behavior In A hand¬ 

book of chtld psychology, 2nd ed rev, cd by C Murchison, Wor¬ 
cester, Mass Clark Univ Press, London Oxford Univ Press, 
1933 Pp, 31-159 



KARL U SMITH 


155 


7 Ferrifr, D, & Turnpr, W A Experimental lesions of ihc Corpora 

Quadiigeniiiia in monkeys litatn, 1901, 24, 27-4-6 

8 Germ AN j W J , & Fox, J C (In collaboration with F 11 Conch, 

E R Hilgard, W R Miles, R R Sears P K Snedden, & G R 
Wendt) Observation*? following nnilateial lobectomies In Lo- 
cfilizatfou of ftutc(io7i in ibe ccielnal cot lex Ptoc Asso Res Netv 
tf Meni Dis > 1932, 13, 378-434 

9 Goltz, F Der Ilund ohne Grosshirn P{lugcf^s Arch f d (fes 

Phystol, 1892, 61, 570^614 

10 Kari»lu3, J P, & Kreidi , A Gcliirn iind Svmpathicus Syrn- 

pathicus7entr«m im Zwischenlnrn Pftuget's Aith f d ges Phynol ^ 
1910, 136, 401-416 

11 - tibci die Bahn des Pnpillereflexcs Pfmgefs Atch / Q€s 

Physiol, 1913, 149, 115-155 

12 Keller, A. P , & Stewart, L The superior colliculus and the pupil¬ 

lary light icflex in the cat A met J Physiol, 1932, 101, 64 

13 Koppln, M , & LovvensTcin, S Studicn iibci den Zcllcnbaii der Gross- 

lnrnrindc bei den Ungiilateii iind Carnivoicn und uber die Bedcu- 
tiing cinigei Fiuchen Monatscht / Psychi/it n Neurol, 1908, 18, 
481-509 

14, Lastii rv, K S Studies of cerebial function in learning IV Vicari¬ 
ous function after destruction of the visual areas Amer J Physiol, 
1922, 69, 44-71 

15 - Studies of ceicbral function in learning VII The rela¬ 

tion between cerebial mass, learning, and letcntioii J Comp Near, 
1926, 41, 1-58 

16 - The mechanism of vision II The intlucncc of cerebral 

lesions upon the thieshold of (liscnmination of brightness J Genet 
Psychol., 1930, 37, 461-480 

17, - The mechanism of vision IV The cerebral areas neces¬ 

sary for pattein vision in the rat J Comp Neat , 1931, 63, 419-478 

18 - The mechanism of vision XII Nervous structures con¬ 

cerned in the acquisition and retention of habits based on re¬ 

actions to light Comp Psychol Motiog, 1935, 11, 43-79 

19 LrASiiiE\, K S, & Frank, M The mechanism of vision X Post¬ 

operative disturbances of habits hasscil on detail vision in the lat 
aflei lesions in the cerebial visual areas, J, Cof/ip Psychol, 1934, 
17, 355-393 

20 Magoun, H W Maintenance of the light reflex after destruction of 

the superior colliculus m the cat Amer J Physiol, 1933, 111, 
91-98 

21 Marquis, D G Effects of icmoval of the visual coitcx in mammals, 

With obscivations on the retention of light disciimmation in dogs 
In Localization of function in the cerebral cotiex Proc Asso Res 
Nerv. Gf Meni Dis , 1932, 13, 558-592 

22 - Phylogenetic interpretation of the functions of the visual 

cortex Arcft Ncur & Psychtat, 1935, 33, 807-815 



156 


JOCrNVL or GI-NliTIC PSYCHOLOGY 


23 Minkowski, M Zm Pliyaiologic dci SchspKare Pftuf/ct'^s Aich, f d 

gcs Physici, 1911, 14, 171-327, 

24 - Experiincmelle Unteisucluingcn iibei die Bcziehiingeii der 

Grosshirnnnde und der Nctzhnut 7U den piimaren optischen 2en- 
tren, bcsomlcrs Klim Corpus Geniculatiim externum, A fir, ^us dem 
Jnrnfiiifii Inst in Zititcli Wiesbaden' Bergmnnn, 1913, 7, 255-362 

25 Munk, H. Ueber den Ilund olinc Grosshirn, Anh Anat u Physiol, 

Physfol A hi, 189+, 355^369. 

26 PAKSoiys, J H On dilatnin oF the pupil from stimulation of the Cor¬ 

tex Cerebri J Pliysioit 1901, 26, 366-379, 

27, Ransom, S W, & MagouM, H \V Respiratoiy find pupillary reactions 
induced by electrical stimulation of the hypothalamus Arch Near 
& Psiihujtj 1933, 29, 1179-1194 

28 - The central path of the pupilloconstrictor reflex in response 

to light Aich, Neur Sr Psychiat, 1933, 30, 1193-1204 

29 Sachs, E, On the stiucture and functional relations of the optic 

thnlamus. Bratn, 1909, 32, 95-186, 

30 SciiLiEPPR, C Farbensmn der Ticre und optomotonschc Rcaktionen 

Zsch /, verffl Physiol, 1927; 6, 453-472 

31 Spiegel, E, A, Role of the vestibular nuclei in the coitical innervation 

of the eye muscles Atch Ncur Cf Psycliiai ^ 1933, 29^ 1084-1097 

32 Spiegel, E A, & Aronsoiin, L Interacilon of cortical and labyrinthine 

impulses of ocular muscle movements Atner J Phystol, 1934, 109, 
693-703, 

33, Spiegel, E, A., & Nagaska, G, Expenmentalstudien am Nervon- 

aystem VI Ober die Beziehung des Pupillen-refltjxbogens zum 
vordern Vicrhiigel Pfiti&er^s Arch / d, ffes, Phystol, 1927, 216, 120- 
132. 

34, Spiegel, E. A, & Teschlek, L Expenmentalstudien am Nervensystem 

XII, Ober die Bezicliutig der Blickbahn zu den Veitibulariskerncn 
PfingePs Arch, f d ges Physiol, 1929,222, 359-370. 

35, lEN Cate, J Akuatischc und optiche Rcaktionen der Knt/en iiacli 

teilweisen und totalen Extirpationcn des Ncopallmins Arch Neb I 
Physiol J VIhmine Cf Auim.^ 1934, 19, 191-264 

36 Winkler, C, k Potter, A An anatomical guide to experimental re- 
searchea on the cat's brain Amsterdam' Versluya, 1914 (30 plates 

with accompanying descriptions) 

University of Rochester 
Rochesterj^ New York 



A FURTHER STUDY OF AFFECTIVE FACTORS IN 

learning-* 

Vnivetsfly of Caltfofnia 


H D CarifrandH E Jones^ 


In’! roduction 

In an eailicr lepoit (2) of a learning cxpermient coiuhictecl with 
elementaly and junioi high school cliildicrij it was shown that re¬ 
liable differences occuried m the immcdintc lecall of affectively 
toned woids. Words which the childicn classified as characteiisli- 
cally pleasantj uidiffej ejitj or unpleasant were chosen foi the cxpcii- 
ment. Learning was jdatively easy for pleasant wouh and rela¬ 
tively hard for indifferent words, The unpleasant woids were of 
inteimediate difficulty in learning, Tlie present report deals with 
results fiom comparable procedures applied to an older age group, 

The Data 

Individual leriimng tests requiring about a half houi for adminis¬ 
tration were given to each of 100 college students In the gioup 
tested there were 56 males and 44 females The age range was 
from 17 to 25 years, with a mean of 20 8 years and a standard devia¬ 
tion of 1 76 years There were 12 freshmen, 18 sopliomores, 32 
juniors, 27 seniois, and 11 graduate students. As compared with 
the relatively unsclectcd gioup of adolescent cluldien tested iti the 
preliminary study, these college students are, on the average, eight 
years older and represent a slightly highci selection in intelligence 
and social status. 

The words used m the learning tests were as follows 

Pleasant avoids (P) mother, father, candy, movies, love, 
many, dance, and kiss 

IndifFeient woids (/) pencil, enter, notice, gloss, turn, fill, 
middle, and ltd. 


♦Received in the Editorial Office on August 24, 1936 

^The writers arc indebted to Mr Charles E Biiffinger and Miss B, G, 
Boucher foi assistance in the data collection, and to Dr, H S Conrad for 
criticism of the manuscript 
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Unpleasant ivords (C/)* phnp!e, fght, ble^dt {cat, iiisulif 
garbage, cheats and mm it 

TJicse words had oiigmally been chosen from laigcr lists because 
they were familiar to all the adolescents in the oiiginal study, and 
because tlic woids in the thiee categories weie uniformly rated by 
the children as pleasant, indiffeient, and unpleasant, respectively 
The selection of the woids and later evaluation of them as emotional 
stimuli arc more fully discussed in the preliminary study (2) In 
that report it was shown that the unpleasant words produced largest 
deflections of the galvanometei, the pleasant woids somewhat 
smaller deflections, and the indifterent woids piodiicecl smallest 
deflections Thus, both intmgs and measures of physiological re¬ 
sponse aie available as evidence of the potency of the woids as emo¬ 
tional stimuli, The pioccdiirc of lating the woids and of obtaining 
galvanometiic iccords was not lepeated in the piesent group. 

The learning task employed was one of immediate lecalh Tlic 
worcl^ were learned by a pniicd-associates method, in winch the task 
was to recall tlie words in response to pictuies The pictuies were a 
series of conventional, easily duplicated illustiations of persons taken 
from a clothing catalogue Three trials were given after the initial ex¬ 
posure, with prompting on each tiial if the iccall was incomplete or 
incorrect The precautions taken to eliminate common souices of 
enor have been dcsciibcd moic fully clsewheie (2, 3) and will he 
mentioned only briefly The woids m the thiec categories weic 
evenly distributed thioughoiit the list, at the beginning and at the 
end of the sciics, thiec pairs of pictuie-woid associations weie used 
as buffers, in oidei to eliminate eftects of the tendency to favor 
words at the beginning and end of the seiies Caicfiil rotational 
procedures wcic eirrplovecl as a fuicher precaution^ Because of 
the lo tat ion, subjects associated the paitlculai woids with difterent 
pictures, hence no particular cues relating to individual woid-pictiuc 
combinations could affect the groiip-lcaining results. In the initial 
learning senes, a picture was exposed foi 3 sec , followed by 2 sec 


The group data reveal almost no position effects, even foi the buffer 
words at the beginning and end of the scries, this la probably because 
the associated pictures offered better cues for learning However, the 
controls exercised arc known to be desirable, in view of individual difler- 
cnc6a which have been observed 
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in whicli both the pictuic iniul the nssochitcd woul wcie exposed 
In the lecnll oi lelc.nniiip: senes, a pictuic was exposed foi 3 sec 
and the subject given an oppoituiiity to lecall the woid, if he 
failedj the woid was exposed again as in the initial learning 

Treatmiint or Data and Rlsuiis 

Lcaining scoicb wcic computed toi groups of pleasant {P), in- 
difleicnt (I)y and unpleasant (U) wouls separately, by summatum 
of collect icsponses foi items in the thicc* catogoiics, icspcctivcly 
This was done foi odd and even gioups of woidb ^Mthin each 
catcgoij', as well as foi each of the thicc total gioups, Rcliabilitv 
coefficients wcie obtained fiom the coiielrition of odd and even 
halves, by application ot the Spcaiman-lhown piopliccy toiniula 
In Tiible 1 aie given the means, standaid deviations, icliahilitv 
coefTicients, and inteicoiiclations of the leaining scoies for P, and 
17 giGiips of woids Tlic intcicoiicLitions flie dcfimtelv Umei than 
the i cl labilities, but aie sufficiently higli to have maiked effect upon 
the standaid ciiors of the difteicnees between mcaiib Collected 
tor attenuation, the mteicoiielations would not be pci feet ^ The 
1 el lability coefficients indicate that a single test is unsuitable foi 
uidivulual diagno'^iS) but the data aie adequate foi the study of 
diftcienccs in avciage scoies It may be noted that in tlio pievious 
studies ot cliildien, involving a succession of five expeiimcnts, tlends 

TABLH 1 

Mlans, Siaxdaud Dlviahons, RrriAiunnr Coi 11 icii Nri, and iNiFRcoitRn a- 
IIONS 01 7^ 7, AND U SCORIS TOR Ll ARMING 

i^-scoies /-scores //-scales 


jV 

100 

100 

100 

Mean 

16 8+ 

12 82 

IS 82 

SD 

4B 

5 19 

411 

ConLlatimis 




semes 

67 

48 

53 

/-scoies 


71 

1-5 

tZ-seoies 



6^ 


Not^> llie reliability coefficitiUs aie given on tlic diagonal, in italics 


^Evidence seemed tlsewlieie, fiom icpCiUed testing of tlie adolescent 
group, indicates that when scores become ven leliable the interconclations 
still remain somewhat below the lelinhilitj coefficients The lesuha ap¬ 
parently anse from mclividiial diffei cnees in the extent to which emotional 
factoi s iiiteifcie with learning 



160 


JOURNAL OF GENETIC PSVCIIOLOGV 


whicli arc appaiCiU in anv single half-hoiii test are supported when 
more icliablc data are obtained fiom cumulating the lesults of 
several testings. It is appaient from the means given in Table 1 
that (as in the case of the data for younger adolescents) the pleasant 
words are learned best, the unpleasant aie Intel mediate, and the 
indifferent are least efficiently learned 
Reliability 0/ Difleiences In Tabic 2 are given the differences 

TABLE 2 


Statistical Reuadiiity or the DirrEaKNCEs detween Means* 



Diff 

s 

_ Difl 

P-I 

+.02 

48+ 

S31 

P-U 

102 

399 

2 55 

V4 

3 00 

496 

6 04 


*Tlic R-scores were highest, U scores were second, and /-scores were 
lowest, 


between means, the standard eiiois of the diffeiences, and the criticil 
ratios It IS apparent that the indiffcicnt woids are learned sig¬ 
nificantly Jess well than either the pleasant or the unpleasant The 
difference between the learning scores for pleasant and unpleasant 
words is smaller, hut the critical latio of 2 55 here indicates a liigli 
probability (99 chances m 100) that the obtained result is in the 
true direction. Further confidence in these findings is justified in 
view of thcii close agreement with the results fiotn the adolescent 
group (2, 3). 

Discussion 

The icsults repoitcd in this piiper derive tbeir significance hugely 
from the fact that they constitute a confirmation, in a more matuic 
group of subjects, of the obsewatmns made in an intensive study of 
learning among children. The similarity of quantitative results, both 
as to the ordei {Pj XJ^ I) of learning and the iclative magnitude of 
the three differences, is striking 

In follow-up work with the adolescents (3), the expeiiment has 
been repeated with diftcient samplings of words. The tieiids of 
results, in terms of averages, have been clearly demonstiatcd to be 
independent of the particular sampling of pleasant, indiffeient, and 
unpleasant words. 
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The present results have incidental bearing upon one of the stock 
criticisms of work in tins field As an explanation of such learning 
trends, some ciitics have called attention to the possible importance 
of diftci cnees in the familiarity of the words chosen to lepicsent the 
three aftective categoiies Thus, the pleasant words ma)'' be better 
lemembercd because they are more commonly encountered than the 
mdiftcrent words In our woik with voimgcr svdijccts wc Iiavc 
attempted to make such diftc'iences ininimal If any residual 
familiantv differences lemain, of a magnitude sufficient to affect the 
learning pioccss among childieii, we would expect them to be less 
important in an oldei and moic highly selected group The clo-ic 
similaiity of results actually obtained fm chilclicn and foi college 
students may be taken as indicating that in this material tlic factor 
of familiality is not a distuibing clement 
A second consideration concerns the universality of emotional 
connotations of the words The college students aie an oldei and 
more sophisticated gioup of subjects The finding that similar 
trends in Icainmg apply to the two different groups is evidence of 
the gcneiality and of the piactical significance of the trends 

A thud consideiation peitains to a factor which has been sug¬ 
gested having a possible influence upon our earlier lesults In 
the preceding studies, the childien who served as subjects in tlie 
Icaining tests also furnished the evidence as to the affective value 
of the words learned The learning tests weic given in one laboia- 
tory, latmgs of the aftectwe values of the woids were secuicd on a 
diffeient day, and in a difteicnt lahoiatory The words were also 
utilized as stimuli to free association in an experiment m which 
galvanomctiic and other iccoids o< physiological responses wevc 
obtained In some expciimcnts the latings, and physiological rcc- 
01 ds, preceded the Icaimng tests by about a week, in other expeii- 
ments these time relationships weie reversed Thus, appJtrently 
adequate controls weie exercised with icfcrence to the effect of these 
proceduics which weie external to the learning experiment Tlic 
present data, howevei, furnish a neatei dcmonstiation of the point 
The subjects m the present experiment did not latc the words, nor 
take pait in any piocedurcs in which the woids wcie considered as 
emotional stimuli. Theiefoic, it cannot be urged that there is anV 
connection between the learning results and the ratings oi fiec 
associations 



162 JOURNAL OF GENETIC PSYCHOLOGY 

Summary and Conclusions 

Individual learning tCbts weie admiiiisteied to 100 college stu¬ 
dents, in oidei to clieck upon ccitain tiends which had previously 
been found m studies of adolescent childicn The tests lequuej 
the lecall of plcasantj indiftcicnt, and unpleasant woids in lespoiise 
to pictures wlnUi served as paiied associates The data justify the 
following conclusions 

1 The pleasant words weic best learned, the unpleasant woids 
wcK intcimediate, and the indiffcicnt woids wcic learned with least 
cfiTicicncv The smallest difieicnce is that between P and Uj hcio 
the ciitical latio is 2 55* The othci diftcicntes aie statistically 
lelublc (ciitiial latios of 6^04 and 8 31) 

2, The tiends heie found in the learning of college students aie 
the Scune ns those shown in studies of adolescents. The findings 
cailici demoiistiatcd with the childicn aic evidently not pheiionacna 
associated exclusively witli a pailicular developmental peiiod It is 
piobablv justifiable to conclude that the tendencies which have been 
demoiistiatcd apply to a wide sampling of persons in oiii piesent 
social cnviionmcnt 

3. Theie is no functional iclationship between the learning ic- 
sults and the pioceduies involved in classifying the woids oi m fice 
association to the woids. The picviously established tiends in learn¬ 
ing have been confiimcd with a new group of subjects ivho wcie 
utilized only in the learning cvpeiimcnt and not in the procedures 
foi evaluating the stimuli 
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A STUDY OF THE RELATIONSHIP BETWEEN DIS¬ 
CIPLINE AND PERSONALITY TRAITS 
IN LITTLE CHILDREN* 

Pennsylvanta Stair Coll roc 


Mary Ellen Ayer and Robert G Bbrnreutbr 


In wo 1 king %vjth adults wlio are highly unstable it is commonly 
pointed out that as children they wcie handled poorly It was 
thought that such instability would accumulate as a gradual piling 
up of small insecuiitics beginning m caily childhood. This study 
IS an effort to find out if there is any relationship between tlic kind 
of discipline that is used in the home and the peisonality characteris¬ 
tics of tile children who are being disciplined. 

The Method Used 

Forty children of preschool age, 18 In attendance at the PciinsyE 
vania State College Nursery School and 22 in an Emergency Nurs¬ 
ery Scliool in State College, were chosen as subjects of the study 
The children in the College Nuisery School came fiom the homes 
of tlic me I chant and professional class; the Emergency Nursery 
School group was made up of children from homes on the minimum 
of subsistence level, 

The Merrill-Palmer Scale of Mental Tests, administered to both 
gioups, showed that the mental ranking of the children m the 
College Nuisery School was between the 73rd and the 99tli pciccn- 
tile, with the median point at the 03id percentile, and that of the 
Emergency Nursery School group is between a low 20th percentile 
and the 99th percentile, with the median point at the 60th per¬ 
centile 

Four aspects of personality, Sociability with Other Childicn, At¬ 
tractiveness of Peisonnhty, Tendency to Face Reality, and Inde¬ 
pendence of Adult Affection or Attention, were measured by select¬ 
ing these foui scales from the Mcrrill-Palmer Personality Rating 
Sheets Each child was given personality ratings by at least three 

'^Received m the Editorial Office on September 10, 1936 
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and in some cases as many as seven taters In the College Nuiscry 
School, ratings wcie tione foi each child by the head teachei and hoi 
assistant The otlicr jaters in the College Nurseiy School gioup 
were college seniois who had had pait-timc practice in the school 
for a scmcstci Tlie gtonp of Emergency School children weie 
rated bv three teacheis who had dnil}’' contacts with the children 

An in tew lew foi dctci mining the kind and amount of discipline 
used was devised and used with parents of the preschool childicn 
Discipline was divided into these eight fields for the purpose of 
measuiing it 

1 Physical piiiiishnient 

2. Isolaling or rgiinung the child 

3 Natural icsult of child’s act 

4 Woiry (scaling child mid making him afiaul and wonied) 

5 Rewards oi promised icwaids. 

Doing the fiist thing that pops into a parent’& head 

7 Temper (on pait of parent to get U\Ud to do what la wanted) 

8. Pen ante (such as making child sit on chan oi go to bed) 

I\'Io tilers, in every ease, and fa the is when at hoinc were inter¬ 
viewed The paient^^ were asked if they used a given method of 
discipline, to give an example of it as used with the child, and to 
name the frequenev with which it was used Frequency of use was 
divided into five groups * ^'iievcr,” ''hardly ever,” "now and then," 
"(jijite often,” ^'all the time ” 

These statements ol the parents regarding the amount of discipline 
used were given arbitrary score values from 0 to 4, "0" being as 
signed to the "ncvei” group and "4” to the "all the time’' In 
nrcici to dcteiminc the iclationship between the personality rating 
scores and the inclhod of discipline used, biscrial coefficients of cor- 
1 elation wcic computed An aibitiaiy dividing line to be used in 
determining those correlations w^as diawn between the "liaidly ever” 
and "now and then" groupings This grouped tlie "ncvei” and the 
"liaidly ever” into one categoi)^, and the other staLements into the 
xsccond calegoiv 

The ciitical ratios both for the frequency with which various 
methods of discipline are used in the two nuisery schools and for the 
personality trait scores in the separate nurseiy schools were obtained 
bv dividing the diftcicnees by the standard errors ot the differenccs. 
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Ri-sults 

The meaDs aiul stand aid deviations of the pcisonality lating 
scoics foi each of the two schools is shown in Table 1 This table 

TABLE 1 

Means and Standard Deviations tor Persomatitv Rahngs or Coinoc 
NuRsFRi, Emerglncy Nurslr\ Suiooi, AND Crihcm Raiios of Bom 

CoMBINf D 

College Nursery Euieigcncv Nuisciy 

School School Critical latlos 



Mean 

SD 

Mean 

SD 

Mean 

SD 

Sociability with 
othci childien 
Attractiveness of 

70 8 

10 0 

61 1 

17 8 

2 2 

—2 5 

personality 
'lenclencv to face 

62 7 

87 

54 2 

21 3 

1 7 

—3 6 

reality 

Indepindent of adult 

68 g 

12! 

55 7 

22 0 

2 

—2 5 

alfcctjoii 01 
attention 

6+7 

12 8 

62 2 

15 2 

06 

—0 8 


makes it apparent that the College Nuisery School latings aie liighei 
than those of the Emeigcncy Nuiseiy School* Fiom an inspection 
of the stand aid deviations shown in Tabic 1, it is also appaicnt that 
the Emergency Nuisciy Sohool child icn aic moie van able than the 
College Nniseiy School childicn* The critical ratios of the dif- 
fcienccs between the means shows tliat the diftcience between tlie 
two schools m sociability with othei childicn and tendency to face 
icality aie statistically significant and that the diffeience in attinc- 
tiveness of peisonality appioaches statistical significance The ciiti' 
cal latios of the difteienpes in the standaid tkviations arc significant 
foi all of the tiaits except independence of adult affection oi at¬ 
tention* 

The mcanb and ciitical latios of the fiequcncy with which vanows 
methods of discipline weie used in the College and Emeigcncy Nurs- 
civ Schools aic shown in Table 2 The gicatci use of penance, tem¬ 
per, and the fiist thing that pops into a paient\ head in the Emci- 
gency Nuisciy School aic shown by the ciitical latios to be signifi¬ 
cant d lit Cl dices The score values, showing the nioic ficqucnt use 
of wQirv and physical putushntent and the less fiequcnt of na- 
tuial icsult by the Emeigcncy Nuisciy School gioup as compaied 
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TABLE 2 


Means and Cruical Rahos or Frlouhwcy wirii which Various Methods 
OF DisciPUNC Were Used in Coilegb and Emfrclncy Nursery Schools 


Method of 
discipline 

College mean 

Emergency mean 

Critical 

ratio 

Physical 

1 78 

3.18 

—1 

36 

Isolate 

2 J3 

2.00 

0 

81 

Natural result 

3 22 

2.82 

1 

61 

Worry 

0 33 

146 

—1 

78 

Rewards 

2 22 

2 27 

—0 

16 

Pop into head 

0 78 

2 36 

—5 

29 

Temper 

139 

2 32 

—3 

12 

PenariLc 

0 61 

2,55 

—5 

42 


wtii the fiequcncv of use in the othci group, approach statistical 
significance In this table a minus ciitical ratio indicates that the 
method of discipline is used moie frequently in the Eineigency Nurs¬ 
ery School than in the College Nurseiy School 

The coi relations between discipline and personality traits arc 
shown in Table 3» Plus values indicate that the moie frequently a 


TABLE 3 

CoRRELAnOKS DETWCBN DISCIPLINE AND PERSONAU'EY TrAITS 


Discipline 

Sociability With 
other children 

Attractive¬ 
ness of 
personality 

Tendency 
to face 
reality 

Independence 
of adult 
affection 
or attention 

Physical 

+ 05 

— 17 

-*-35 

— 20 

Isolate 

— 28 

— 06 

— 07 

+ 01 

Watiiral result 

+ 19 

+ 33 

+ 33 

+ 37 

Worry 

—,07 

— 21 

— 30 

— 44 

Rewards 

+ .30 

— U 


— 15 

Pop into head 

— 40 

— 54 

• -52 

— 40 

I'cmper 

—.33 

— 42 

—.61 

— 10 

Penance 

— IS 

—,19 

—,44 

—.OS 


method of discipline is used the moie desirable is tlie personality 
characteristic. Minus values indicate that the moie fiequently a 
method of discipline is used the less desirable is the peisonality 
characteristic 

When physical punishment is used more, there is less tendency 
to face reality and more dependence upon adult affection and atten¬ 
tion. When isolation is used as a method of discipline, the study 
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silows that childien have a tendency to be less sociable with other 
childicn Natural result used as a means of discipline shows itself 
to be a good method, for theie is a definite positive relationship with 
It and attractiveness of personality, tendency to face reality, and in¬ 
dependence of adult affection or attention As worry is used, scores 
for attiRCtivcness of personality, tendency to face reality, and inde¬ 
pendence of adult affection or attention become lower When chil¬ 
dren leceive lewaids for doing what they are supposed to do, they 
tend to have a higliei lating in sociability with othci childlen Thcie 
IS a definite negative correlation between doing the first thing that 
pops into one’s head and each of the peisonalitv rating factors 
Temper, used as a disciplinary method, is shown by this study to 
make children less sociable, to liavc less atti active personalities, and 
to face leality less* When penance is used as a method of discipline, 
children tend to face reality less, 

SUMIVIARY AND CONCLUSIONS 

1 The foregoing paper deals with an attempt to discover the 
relationship between discipline and personality tiaits in little chil¬ 
dren 

2 Forty cliildicn of preschool age were studied—18 were from 
the Pennsylvania State College Nuisery School and the other 22 
from an Emergency School located in State College, Pennsylvania 

3, The Merrill-Palmer Personality Rating Scale was used as a 
metliod of getting a personality scoring for the children 

4, Nurseiy school teachers and students having fiequent con¬ 
tacts with the children were selected as those to latc the children 
on the personality rating scale 

5, Through an inteiview with at least one parent of each child, 
the kind and amount of discipline used was determined 

6 Biseiial coefficients of correlation weie computed to deter¬ 
mine the relationship between the personality rating scores and the 
kind and amount of discipline used 

7 In general, childien in the College Nuisery School have a 
higher personality rating in sociability with other children and m 
tendency to face reality than do the childien in the Emergency 
Nursery School. 

8 Physical punishment, temper, penance, and the first thing that 
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pops into the paient'b lie.ul wcie used much inoie fjcquently by tlie 
parents in the Emeigcncy Niiiseiy School thdii in the College Nuis- 
cry Scliool 

9. Mctliods of isolation, physical punishment, and natural ic- 
sulls wcie used most fieipiently bv the parents taking both nuiseiy 
schools combined, 

10. As physical puni«hmcnt is used moie with childien, the 
children tend to face icality less and show more dependence upon 
adult iiftection oi attention 

11. Attractiveness of pcisonnlity, tendency to face leality, and 
independence of adult aftection oi attention ate fostered ■when chil¬ 
dren are allowed to piofit by the natiiial results of their acts 

12 Woiry makes childien moic dependent upon adult aftection 
01 attention, less apt to face icality, and the children disciplined 
this way liave less attiactive pcisoiialitics 

13. Giving childien lewaids loi doing things they aie sup¬ 
posed to do develops sociability with othci childien 

14 Frequency with wdiicli an adult does the fiist thing that pops 
into his head has a definite bcaiing on the personality of the child 
It makes childien have less attractive pcisonalitics, be less apt to 
face icahty, be less sociable with other childien, and more dependent 
uimn adult aftection oi attention 

15 Using temper in disciplining children makes childicu less 
likely to face reality, less sociable, and makes them have less attiac- 
tive personalities. 

16 Penance used as a punishment makes childien less likely to 
fate leality. 

Pennsylvania Stale College 
State College, Pennsylvania 



REMINISCENCE IN MAZE LEARNING BY KINDER¬ 
GARTEN CHILDREN'* 

JVcsleyan Vntvcuily 


Grace O McGeoch 


Problem 

Reminiscence is the impiovcmcnt in the iccall of incomplctclv 
IcMincd matcTial aftci an inteivai (lining which thcic is no founal 
icleaining oi iclicaisal, A cutical icview of the expciimcntal Iitcia- 
tuie on leminisccnce (3) has sliown that many types of vcibal 
mateiials, eg, poctiy, prose, nonsense syllables, lists of woicls, etc, 
ale susceptible to icminiscence, and that piohably the plicjioineiion 
is much moic pievalcnt than data on ic tent ion in tcims of the 
aveiage scoie of the gioup levcah It was shown that gioup avei- 
ages aic inadequate ineasuics of lemi/iiscciicc, while the peiccntages 
of subjects exlnbiting it and the amount shown by them aic adequate 
measuics Attention was called to the fact that acts of skill weie 
not in the list of mateiials which had been shown to be susceptible 
to leminisccncc Decisive evidence of the pic^encc of leminisccncc 
in motoi learning would have impoitant beaung on tlic question of 
the effect of leview duiing the mteival upon the plienoinciion 

That icminjsccncc is not neccssaiily a function of the advcntitioui 
factoi of icvie^v was concluded by McGeocb (3) on tlie basis of 
data fiom two cxpciiments on the Icainiiig of poctiy by thud- and 
fouith-giade school child)cn This conclusion icstcd on a conipniison 
of the icmuiisccnce exhibited by the Review Gioup, which was by 
tai tlic laigci gioup, and bv the No-Rcvic\v Gioup A moic deci¬ 
sive technique of studj^ing the eitect of icview upon leninuscence 
would be the isolation of levicw by pi eventing its occuiiencc In 
acts of skill such as maze leainiiig the chances of lelicaisal dining 
the mteival aie much smallei than with veibal matciial Bunch 
and Magdsick (1) icduced the chances of ichuusal occuiung to 
tlie minimum by using w’liitc rats as subjects in a maze pi obi cm 

^Received ui the Fditorial Olhcc on Scpiembei 10, 1936 
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They concluded on the basis oi statistically reliable data that theic 
IS an initial nse instead of a decline in the ciiive of retention under 
conditions of no iiitcivcnmg piactice or lehearsal Then expcii^ 
mental set-up, however, diftcred in seveial icspccts fiom that in 
which icnimiscence with verbal inateiials has been studied Seven 
groups, one contiol gioup and six experimental groups, were equated 
in degiee of incomplete learning bv being given six mechanically 
guided tiials tliiough a multiple-T water maze. The control 
groiq?, immediately after tlie guidance, Icamed the maze to complete 
mastery (three eiioiless runs in succession), while the experi¬ 
mental gioiips did so aftei inteivaU of 1, 3, 6, 12, 24, and 48 houis, 
icspcctivcly* RcminiSLcnce was studied by comparisons of the con- 
tiol gioiip with the expeiiinental gioups in terms of the average 
scoies of the gioup (time, trials, and eiiors) m the final masterv 
of the maze The authors state (p. 407) that ''the extent to winch 
the partial Icnining is utilized in the later mastery of the problem, 
as indicated by the scores in final masteiy aftei the time intervals, 
is taken as a measure of retention^ This is not retention in the 
sense in winch it has been used in picvious studies of icminisccnce: 
a compaiison of the control gioup with the expenmental groups in 
perfounatice on the seventh trial would have yielded a measure of 
ictention analogous to the delayed lecall in experiments with verbal 
materials 

There \s a suggestion that leiumiscence might be present in the 
results obtained by McGinnis (7) on maze icaining by pieschool 
children in that there ts n gicater dccieasc in eirors from the fifth 

TABLE 1 
Mean Errors 

[Data from McGinnis (7, p. 262).] 

Group I Gioup H Gioiip III 

5 years 4 years 3 years 


Trial 4 

4 25 

$30 

7 85 

Trial 5 

3,«5 

6 70 

6 80 

Difference 

40 

1 60 

1 05 

Tnal 5 

3 85 

6,70 

6 80 

Trial 6 

1 85 

4 80 

5 20 

Difference 

2,00 

190 

1 60 
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to the sixth trials, between which thcie was a 24-hoiu iiiteival, than 
fiom the fourth to the fifth trials which wcie in immediate suc¬ 
cession The data are presented in Table 1 It will be seen from 
a study of the table that this decrease m cnors is gicatest with the 
fivc-ycai-old group Since no measures of variability are published, 
however, the leliability of these differences cannot be dcteimined 
Furtheimoic, since there were no contiol groups, ic, groups who 
weic given six tiials m succession, theic is no way of dcteimining 
whcthci the gi eater improvement on the sixth tiial is actually 
reminiscence appealing aftei the 24-hour lutcival oi simply the 
result of continued practice. 

The piesent cxpciiiiicnt was designed to answei this question. 
Two gioups of hvc-yeai-old kindcigartcn childlen wcie given five 
tiials in the Young Slot Maze A The Control Gioup took five 
tiials in immediate succession, while Expeiimcntal Gioup I took 
four consecutive tiials and the fifth after an interval of 24 houis,^ 
If the childlen in the two groups aic matched in the learning of tlie 
first four tiials, differences between the two groups on the fifth 
tiial can be consideied a function of tlic 24-hour mteival. If 
icmmiscence is picscnt, Expeiimcntal Group I should be supcnoi to 
the Control Group on the fifth tiiiil 

Experiment T Interval between Fourth and Fifth Trials 

Subjects The subjects were 174 five-year-old children (age 
range, 60-72 months) of two public school kindcrgaitens in St 
Louis ^ Theie weic 93 children in the Contiol Gioup, 45 boys and 
48 gills, and 81 children m Expeiimcntal Gioup I, 47 boys and 34 
gills. All the chilflicn weic of aveiage or above avciagc intelli¬ 
gence accoiding to the results of either the Stanford Revision of the 
Binct-Simon Intelligence Test or the Pintncr-Cunningham Piimaiy 
Mental Test They weie homogeneous in socio-economic status, 
coming fiom a vciy good icsidential district of St Louis The 
matching of the children fiom the Control and Experimental Gioups 
on the basis of peiformance in the first four trials will be described 
later 

pl:2i>ncd at fijst to have the CojilroJ Group riin sjt trials Jn suc- 
ceasion, but preliminary work levealed the fact that six trials made the 
sitting too long for the slower learners 

^Acknowledgment is here made to Mrs Rossi and Mrs C Vaiilx of the 
Flynn Park School, and to Miss Gosch of the Jackson Park School for their 
generous cooperation 
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mos (cjif— 49) and the mean IQ 115 53 96) ® In Table 

2 are given for the 35 pans the mean time in seconds, the sigina 
of the mean, and the laiige for Trials 1, 2, 3, and 4 It will be 
seen from this table that the greatest diffeience between the two 
groups in the mean time for any trial was 1 7 sec (±8 7) 

The following facts constitute further evidence of the adequacy 
of the matching The difference between the pans was less than 
15 sec in 30 of the 35 pairs in Trial 1 and in 32 pairs in Trial 2, 
while the difference was less than 10 sec in 29 pairs in Trial 3 and 
in 34 pairs in Trial 4 Such close matching means not only a great 
similarity between the two groups in the time for each trial but 
also m the general course of the learning with 23 pairs tJiere was 
a progressive decrease in time with each trial, with four, five, and 
three pairs there weie mveisions to increased time in Trials 2, 3, 
and 4, respectively 

The 35 pairs are sufficiently equated in time taken on each of 
the first four trials to justify treating a comparison of the two groups 
in the time taken on the fifth trial as a test of the presence of remin¬ 
iscence, The mean time on the fifth trial, the sigma of the mean,'^ 
and the range for each group are presented in Table 3 

will be noticed thnt the slight superiority of the Control Group in 
IQ la not reliable Furthermore, the fact that the correlations between 
IQ and the various measures of learning, including total time and total 
errors, ranged from only —.218 (± 083) to +109 (±107) indicates that 
there is little, if any, relationship between IQ and m.ize learning in the 
sampling of children used, and justifies the practical necessity of not match¬ 
ing in IQ as well as m time and error scores 
’These sigmas of matched groups were compute d by the following form- 

crVl—^ 

ula given by Lindquist (2, p 199) , Here repre- 

Viv 

sents the sigma of the mean of a matched group, u, the sigma of the 
distribution, r, the Pearson product-moment coefficient of correlation between 
the measures used as a basis for matching and the measures for which 
the mean is computed In this case the total of the first four trials was 
taken for the basis of matching The figures given below show that the 
correlations obtained were all positive but low, and therefore they changed 
very little, if any, the sigmas of the means computed by the usual formula 


which are 

also given 

Time 



Errors 


Group 

r 

PE 


r 

PE 

^1/ 

Control 

+ 11 

± n 

115 

+ 09 

±.11 

37 

Exper I 

+ 21 

± 11 

1 00 

+ 20 

± 11 

.54 
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Study of this table will show that it took Expenmerital Gioup I 
2A0 sec less time, on the average, than the Control Group This 
diflFcrence, however, has a sigma of L50 Furthermore, an analysis 
of the two groups on the basis of the percentage of subjects showing 
improvement and forgetting and the mean amount shown levealed 
no significant difterences between the Control Group and Expcii- 
mental Group I. The lesults are also given in Table 3. Examina¬ 
tion of these results reveal the fact that the two groups are 
rcmaikably similar on the fifth tiial‘ 62 9 per cent of the children 
m the Conti ol Group compaicd to 60 0 per cent of Experimental 
Group I improved, i.e,, took less time on the fifth trial than on tlic 
fourtlij 31 4 per cent in each group forgot, he, took longer on the 
fifth tiial than on the fourth, while 5 7 per cent of the Con¬ 
trol Gioup compaicd to 8,6 per cent of Experimental Group I 
took the same time on the fifth as on the fourth, Furthermore, 
the difference of 40 sec in favoi of the Control Group in the mean 
amount of improvement shown is not significant since its sigma^ 
is 84 

These results in terms of time stoics yield no evidence of the 
presence of reminiscence in the fifth trial, Tlie conclusion that 
reminiscence is not present is corioboratccl by the follov^^mg analysis 
of tlie error scores. 

Pairs Matched tn Enois Thirty-two pairs of subjects weic 
found who weie equated in errors on the first four tiuils The 
mean CA of the 32 children from the Control Group was 66 40 mos 
(o-jr=h 55) and the mean IQ was 118 28 (flf,u^2 31) The 32 
children from Expeilmcntal Group I had a mean CA of 68 06 
mos 66) and a mean IQ of 113.46 (crif=h2 58), The mean 

numbei of enors with its sigma and the langc in error scores of 
each group for the four trials are given in Tabic 2. The greatest 
difference between the two gioups in the mean number of errors 
for any one trial was 1 3 eiiors (±3 5) in Trial 2 The closeness 
of matching is indicated fmther by the following facts In Trials 
1 and 2, 23 and 27 pairs, lespcctively, diffeied bv less than five 


®It IS interesting to note here also the mean amount of forgetting exhibited 
by tbe 11 subjects in each gioup The small numbcis preclude statistical 
treatment, but it is highly doubtful it there are bigiiificant differences be¬ 
tween the two groups in this respect 
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cirors, in Tiial 3, 30 pairs clifteicd by less than four eirors, while 
in Trial 4 all pairs diffcied by less than four errors. Again there 
was great similaiity between the pans in the geneial couise of the 
learning, with 28 pairs theic was a progressive decrease In errors 
with each tiial, while there was an inversion in the second trial 
with til ice pans and in the thud tiial with one pali 

Again we look to the fifth tiial for evidence of reminiscence, Tlie 
relevant data me found m Table 3 Study of this table shows 
that tlieic IS piactically no diffciencc between the Contiol Gioup 
and E'cpenmcntal Gioup I in the mean number of errors in tlie 
fift/l trial, since the dtifcrence of —24 has a sigma of 65 Like¬ 
wise 111 teims of the peiccntagc of subjects who exhibited fewer 
eriois, moic ciiors, oi the same number of eriois on the fifth 
trial coinpaicd to the fouith the two gioups aic very similai 46,9 
per cent of the Control Gioup coixipaicd to 50 0 per cent of Expen- 
mcntril Group I improved, 312 pei cent of each gioup foigot; 
and 21 9 pci cent of the contiol Group coinpaied to 18.7 per cent 
of Experimental Group I had the same ciroi scoie Furtliermore, 
there is no significant diftcience between the txvo groups in the mean 
amount of impiovcinciit, since the difteience of 13 has a sigma® 
of 39. Thus the results in tcims of ciror scores, as those in teims 
of time scores, do not yield evidence of reminiscence in the fifth 
trial 

Tlio explanation of these results may lie in the fact that tht 
phenomenon of rcnamisccnce is a function of the material and is not 
piescnt in the leaining of the Young Slot Maze A by five-year-old 
cliildicn, oi in the fact that icininiscencc js conditioned by othei 
factois, such as the length of the tunc intcival, which in oui cxpcii- 
mental set-up were not favorable to its appearance Degree of 
leainmg or stage in the learning process might be another such 
factor,It IS possible that there is a stage of learning for the 


®As in ihe analysis of tlie time scoies, the number of subjects showing 
forgetting is too small to treat statistically It is, nevertheless, interesting to 
note that, with the omission of the one child in Expciimenial Group I 
who mnde 14 more errors on the fifth tual than on the fouith, the menn 
nuTiiber of errors for the remaining tunc children is 3 11 This is only 31 
above the naean of Ibe 10 slibj'ccts from the Control Group, 

’The experimental UtcratLire on veibal learning permits no definitive 
statement regarding the effect of degree of learning upon reminiscence (S) 
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iiiseition of the intcival of time optimal for yielding reminiscence. 
Pei haps after the fouith tiial it was too late in the learning pioccss 
to pioduce leminiscence That the Control Group Iiad reached a 
negatively accelerated stage of learning can be seen from the data 
given in Tables 2 and 3. 

Experiment II: Interval rijTween Second and Third Trials 

To test the possibility that reminiscence might occur at an earlier 
stage in learning, anothei gioup, which will he designated Experi¬ 
mental Group II, was used with whom the 24-hoiir mtcival was 
inserted between the second and thud tiials The pioccdute in all 
othci I aspects was the same as that used with the Conti oi Group 
and Expelimental Group I. The 64 subjects in Expcilmental 
Gioup II, 35 boys and 29 girls, weie fivc-yeai-old kindcigartcii 
children fiom the same schools and, theiefore, similai to the othei 
subjects in socio-economic status and intelligence 

Results 

If leminiscence is piesent, it should be appaient in a compaiison 
of the Contiol Group with Expeiimciital Gioup 11 on tlie third 
trial, piovided the two groups have been equated in learning in 
Tnals 1 and 2 

Paiis Matched in Tune Thcie weie 35 children in the Contiol 
Gioup (mean CA 67 54 mos ori/dz 52) who could be paired witli 
35 childien in Experimental Gioup II (mean CA 66 25 inos 
( 7 u± 64) in the time taken foi the fiist and second tiials With 
6 of the 35 pans the difterence in time in eithei trial was between 
11 and 15 sec,, with 8 pans, between 6 and 10 see , with 21 pans, 
5 sec 01 less. The closeness of the matching is fuithcr evident fioin 
a study of the data given in Table 4 which include the mean time 
and its sigma^^ and the range of the two gioiips for each tiial 


'^Intelligence test scores vveie not available foi Expei I mental Group II, 
but, as was discussed befoic, there is lUtlc relationship between intelli¬ 
gence scoics and maze learning with the sampling of children used Fur- 
thermoie, intelligence has not been demonstiated to be a factor in remin¬ 
iscence, 

'“^These sigmas of means of nmtehed groups wcic computed by the formula 
given earlier in this papei The total of the fiist two trials was the basis 
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Tuining to Tual 3 for evidence of reminiscence, we find a diifer- 
ence of 9 03 sec in mean time in favor of Expciimental Gioup II 
Tins diffeience is not reliable, however, since its sigma is 7 09 
Fuither analysis of the third trial yielded no evidence of remin¬ 
iscence 71.4 pel cent of each group showed improvement, and there 
was no significant difteicnce between the two groups m the mean 
amount of impiovement shown (Control Group, 27 6 sec ±8 6, 
Experimental Group, II 31 2 sec. ±6 9). 

This failure to find lemmiscence in the time scores was coi- 
roboiated by the following results in terms of eirors 

Pahs Matched hi Eiiois Forty-five children in the Control 
Gioup (mean CA 66 62 mos o-jr±*47) were matched with 45 
children m Expeiimental Group II (mean CA 66.48 mos 49) 
The closeness of the ndfatching is indicated by the data given in 
Table 4 The following facts constitute further evidence, with 
34 of the 45 pairs the difference in either trial was two errors or 
less, while with the remaining 11 pairs the diftcicncc was between 
three and five errors. 

Again tuining to the third trial for evidence of reminiscence we 
find the diffeience of 5 07 errors m favor of Experimental Group 
II has a sigma of 3 27 and is, therefore, not significant. Fuithei- 
moie, although 64 4 per cent (±7 2 per cent) of the Contiol Group 
compared to 51 1 per cent (±7 5 per cent) of Experimental Group 
II showed impiovement, the diffeience here of 13.3 per cent has a 
sigma of 10.4 pei cent Likewise there is no reliable difference 
between the two groups in the mean amount of improvement shown ■ 
Control Group 91 (±2 0) errors, Expciimental Group II 12 5 
(±2.1) eirors 

Discussion 

Under oui expeiimental conditions reminiscence is not present in 
maze learning by kindergarten children. It is highly doubtful, how- 

of matching The coirelations and the sigmas of the means, computed 
by the usual foimula, are as follows 

Time Errois 

Group r PE ffj, r PE 

Control +.19 ± 11 6 58 + 22 ±09 1 10 

Exper II + 5J ± 08 3 55 + 39 ±09 143 
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evei, that this fmliue to find leminiscencc should be consideied to 
imply that acts of skill in general arc not susceptible to reminiscence 
Attention has been called elsewhere (3) to the relationship between 
reminiscence and the superioriti' of distributed practice in learning, 
a phcnoineiioii occurring in the leaining of acts of skill as well as of 
verbal materials The optimal sUgc in the course of learning for 
the iiibCrtion of a rest intcival is a function of many conditions (6) 
It IS highly piohabic that conditions determining reminiscence have 
a differential effect upon the individual members of a group in anv 
experimental set-up Therefore, a rest inteival inserted at an 
arbitrarily chosen stage in the learning of a gioup, eg, after two 
trials or foiii tiiaU, would not yield icminisccnce in all memhcis of 
that group. This would be paiticulaily true of a maze pattern of 
great unevenness in difficulty The Young Slot Maze A is aa un¬ 
fortunate selection because of the fact that in one section of it 
(alley 9) bchavioi commonly dcsciihcd as ‘hnsight'^ occurred the 
subject caught on to the fact that he had to move away from the 
goal, which was spatially then veiy neai, in order to reach it 
The fact that the data show rcmaikably little effect of any kind of 
the insertion of the 24-hour interval upon the Icaining^'^ suggests 
that the effects of the mteituption of piacUce were less important 
than the particular stage of the learning, uc, the presence of ^hn- 
sight’* With respect to this most difficult section of the maze If 
the 24-liour interval had been inserted at the aiticnl time for each 
individual with respect to his catching on to the fact (and Ins 
accompanying emotional state) that he must move awav from the 

^^Resuhs (4, pp 107-108) on the learning of two sets of materials under 
identical conditions by the same subjects did not yield evidence of the con¬ 
stancy of reminiscence in a given learner, ic, some subjects wcic not 
rcnuniscers and otheis non-rcminisceis This suggests that the phenomenon 
IS determined more by the conditions of learning than by the learners 

^^McGiiinis (7, p 260) also found with her fivc-yeai^old gionp the great¬ 
est number of errors m this section 

“Tlic great similarity on tlie fifth trial between the Control Group and 
Experimental Group II in terms of reminiscence and forgetting hns been 
discussed above It roiglit be argued, however, that, nidioiigli the effects of 
the interruption of practice might not be apparent on the first trial after 
the 24-hoiir interval, aiibscqueiit trials might reveal some effects With 
Experimental Group II the data on the fourth trial as well as the third 
trial were available Analysis of the fourth trial gave the same results, 
in time or error scoies, iheie vvere no consistent or reliable clifierences 
between the Control Group and Experimental Group ll 
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goal at the entiance to Alley 9, thcie might have been evidence of 
reminiscence The factois detcimming this cniical time constitute, 
of com sc, a part of our mam problem, the conditions of icminisccncc 

In the beginning of this paper the importance of the presence of 
reminiscence in motor learning with respect to the question of the 
effect of leview during the inteival upon the phenomenon was 
mentioned The most decisive technique of studying the effect of 
review upon reminiscence is the isolation of review by preventing its 
occuiience In acts of skill, such as maze learning, and with very 
3 'oung liuman subjects oi animals, the clianccs of unintentional re- 
lieaisal dunng the interval aic reduced to a minimum The sug¬ 
gestion in the data of McGinnis (7) that reminiscence is picscnt 
m the Icaining of the Young Slot Maze A bv Icmdcigaiten children 
lias not mateiialized The pioblcm should be attacked with a more 
uniformly difficult act of skill 

Summary and Conclusions 

The puiposc of this expeiiment was to discover whethci remin¬ 
iscence occuiied in maze learning with kindeigarten childien The 
Young Slot Maze A was used with 241 five-year-old childien of 
average and supeiioi intelligence, who weie divided into three 
groups a Contiol Gioup who took five tiials in succession, Experi¬ 
mental Groups I and II with whom an intcival of 24 hours was 
inserted between the fouith and fifth trials, and the second and third 
trials, lespectively Childien m the Control Gioup were matclied 
in time scoics and eiroi scores, on the first four trials with those 
m Expelimental Gioiip I, and on the first two trials with those 
in Experimental Group II On any one tiial the majority of the 
members of a paii did not differ in time scoies moie than 10 see 
and in enor scoics moie than two enms Comparisons weic made, 
in terms of time and enois, of the fifth tiial of the Control Gioup 
with the fifth trial of Experimental Group I, and of the third trial 
of the Contiol Gioup with the thud trial of Expeiimental Group II 
There is no consistent oi icliablc evidence of leminiscence m either 
Experimental Group 
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A FURTHER STUDY OF EARLY CHILDHOOD 
MEMORY* 

Ohw Slate University 


Harold E Bur it 


The present study is a continuation of one reported earlier (1) in 
which nonsense material, piesented systematically to the subject in 
infancy, was relearned at a later age and the rate of releaining com¬ 
pared with the late of learning new matciial of similar nature The 
previously repoitcd iclcarnmg experiment began at the age of 8j4, 
the picsent one at the age of 14. The mftteijal consisted of selec¬ 
tions fiom SophocW Oedipus Tpannus in the original Gieck, which 
was tantamount to nonsense material Each selection included ap¬ 
proximately 20 lines or 240 syllables of iambic hexametei The sub¬ 
ject was a boy with an IQ of approximately 130 At the age of 15 
mos, three of these selections were read to him once daily for a 
period of 3 mos—a total of 90 icpetitions At the age of 18 mos 
these selections were discontinued and thiee others lead daily for 3 
mos This procedure was continued until the subject was three 
years old and 21 selections had been presented The 8^-year ex¬ 
periment utilized only one-thud (seven selections) of the available 
inateiial which had been presented in infancy plus three new selec¬ 
tions. The 14-year expciiment employed another third of this 
original mateiial plus three other new selections, and makes possible 
a compaiison of the ‘'saving” at these two ages 

Tlic procedure at 14 yeais was piacticallv identical with that 
at 8^, except that the distnbution of tiials was a trifle more uni- 
foim Two trials wcie given daily for the most pait One inter¬ 
ruption of five days occuricd at about the 150th trial after several 
of the selections weie alicady completed and out of the way The 
entire 10 selections under compaiison weic always given in a trial, 
and their older fioni tiial to trial was rotated systematically For 
instance, if one tiial was 2, 5, 8, II, 14, 17, 20, D, E, F, and next 
would be 5, 8, 11, 14, 17, 20, D, E F 2 As in the earlier ex- 

*Reccived in tlie Editorial Office on September 20, 1936 
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peiimciit, the 10 selections weie merely read to the subject for the 
hrst 18 ttinls Beginning with the 19th, every tlind tiial used the 
prompting method m which the selection was read slowly and the 
subject anticipated any words oi syllables which he could These 
words were iiiidci lined m the text and the date noted at winch they 
had first been anticipated correctlv This pioceduie was continued 
until cveiy woid in the selection, with the exception of the initial 
cue woitis, had been anticipated and the requisite number of trials 
constituted one item of scoie The lepctitions were continued if 
necessary until the subject could recite the cntiic selection without 
prompting, and the niimbci of trials up to tins point constituted tlie 
second Item of score The attitude of the subject in the present case 
was somewliafc siipeiior to that in the eailiei cxpciiment because he 
undeistood the scientific importance to a gteater extent Motivation 
seemed entirely adequate thioughout Toward the end theie ^yas 
a little unavoidable further motivation as ceitain selections were 
learned and chopped fiom fuithcr consideiation and effort was 
made to get still others out of the way 

A vaiiable which could not be controlled was the occasional 
tendency for the subject to think of words or phiases between tiials 
A little beyond 100 trials he began to lecite phiases spontaneously 
when riding, walking, or swimming Accoiding to his repoit at 
the end of the experiment, be seldom did this except when in the 
company of the expeumenter On this basis the occasions were not 
very numcious The expeiimcntcr made no comment on such occa¬ 
sions After tiial 118 the subject rcmaiked that some of the selec¬ 
tions weic ncaily learned, and quoted part of selection XX to illus¬ 
trate his point. A few days latei he realized that XX was com¬ 
plete except for one gioup of words and he tried to quote it be¬ 
tween tiials in oicler to detcimine where he was ^*stuck ” Subse¬ 
quently, he listened intently to that pait of the selection The above 
is the only Instance that the cxpeiimentei observed in which the 
conduct of the subject gave any selection an undue advantage It 
IS probable that this consideration between trials affected the selec¬ 
tions about equally When questioned at the conclubion of the 
expeiiincnt, the subject leported that no selections had been par- 
ticulaily impressive and he had no notion as to which ones wcie 
being relearned and which ones learned rfe novo 
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The mam icsults, together with some data from the 8j4-ycar 
expel iment, by way of compaiison, appear in Table 1 The first 

TABLE 1 


Eight-year experiment Eoiirteen-year experiment 

Age in mo9 Repetitions Repetitions 

at original Selec- Anticipate Recite Selec- Anticipate Recite 

reading tion each word entire tion each word entire 


15-18 

III 

361 

3S2 

11 

142 

142 

18-21 

VI 

250 

253 

V 

133 

139 

21-24 

IX 

376 

385 

VIII 

148 

169 

24-27 

XII 

355 

379 

XI 

148 

151 

27-30 

XV 

304 

328 

X[V 

145 

145 

30-33 

XVIII 

217 

226 

XVII 

169 

169 

33-36 

XXI 

259 

265 

XX 

127 

127 

Av of all 


303 

317 


US 

149 

Av 3 early 


339 

340 


141 

150 

Av 4 later 


284 

299 


147 

148 

Control 

A 

409 

409 

D 

163 

169 


li 

445 

451 

E 

145 

151 


c 

436 

445 

E 

163 

166 

Av control 


430 

435 


157 

162 


column gives the age at which the original reading took place The 
Roman numeials in the second column indicate the aibitrary desig¬ 
nation of the selections that weie used in the 8 j 4 -year cxpeiimcnt. 
The two following columns give the number of repetitions necessaiy 
bcfoie the subject had anticipated each word in the selection and 
also the icpetitions required m order to iccite it verbatim without 
prompting* The remaining columns give similar data for the 14- 
yeai expciiment The two selections involved m a low of the 
table had been piescnted in infancy under identical conditions The 
aveiages for certain gioups of selections arc given in the rows indi¬ 
cated The lowei portion of the table gives the data for selections 
which weic learned de novo — /I, B, and C foi the 8 ^- 5 ^car experi¬ 
ment and Dj E, and F for the 14-yeai cxpci iment 

The most general notion of the results may be obtained from the 
aveiages It requires 145 repetitions befoic each word oi syllable in 
the selection is anticipated in the relcaining expeiiment, while with 
entirely new selections of comparable difficulty 157 repetitions are 
necessary The coiresponding averages, when it is a matter of 
actually reciting the selection without prompting, are 149 and 162 
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A considerable overlapping of the distnbutions is apparent, as some 
of the new selections require less repetition than some of those which 
aie relearned The saving avciages about 8 per cent As a small 
number of items contribute to cacli average, it is neccssaiy to analyze 
the diftcience between aveiages accoiding to the sample theoiy 

(Fisliei) ' In both of the above cases the probability, by this method 
of computation, is about 0 8 that the difteicncc is ical Thus, fiom 
a statistical standpoint the diftcrcnccs cannot be considered entirely 
significant. It is inteiestiiig to compare the present experiment with 
the cailici one In that case the saving was about 30 per cent 
as continsted with the picscnt 8 per cent, and the difteicnces were ot 
iiiuloiibtcd statistical significance, The intervening six years pro¬ 
duced a considerable loss m retention for the matciial piescnted in 
infancy 

Continuing the analysis in the same way that it was made with 
the first set of data, the iclcaining is divided into two portions— 
Selections II, V, and VIII which wete ouginally presented when 
the subject was youngest, and Selections XI, XIV, XVII, and XX 
which were given later in infancy The aveiages appear in the 
rows of the table labelled '“^Av, tlnec eaily*' and “Av four later, 
respectively. In the 8j4-ycar experiment the selections presented 
later m infancy actually required less repetition foi relearning on 
the average. In the picsent instance this tendency has disappeared 
Again, the seven figuies in a given column may be ranked in oidei 
of magnitude and those ranks correlated with the oider in which 
the selections weic presented originally in order to discover any 
tendency foi the latci selections to be Ictiined more readily than 
the earlier ones In the Sj4-ycni experiment a cou elation of 50 
was obtained in this way. In the piesent case the con elation is zeio 

Learning cuivcs arc showm in Figure 1. Tire abscissa indicates the 
trial and the ordinate the cumulative numhei of syllables correctly 
anticipated up to and inclusive of the trial The solid cinvcs are for 
Sy 2 3 Tars and the dotted ones foi 14 The uppci curve in each 
instance is for lelearning and the lowei for learning de uovo The 
separation of the curves was scrutinized for its statistical significance 
Typical ordinates were taken at intervals of 2l trials and the sig¬ 
nificance of the difference between the oidmatcs for two curves com¬ 
puted in accordance with small sample theory In the 14-year curves, 
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aftci the fiist lew tiinls, these diffciences have probabilities greater 
than 99 that the difference is real. This condition exists until near 
the 80th trial when the probability becomes approximately 98 
Thereafter the significance of the differences decreases as the curves 
approach one another. In the above respect the present experiment 
differs from the earlier. In that case, practically none of the dif¬ 
ferences between ordinates was significant The result is peihaps 
attributable to the slightly greater homogeneity of data in the pres¬ 
ent case. It appears that the selections came along together to a 
greater extent than they did in the original experiment. 

Another difference between the present and the earlier study is 
the much smaller number of repetitions necessary for both iclcainmg 
and learning For example, the three new selections required 162 
repetitions for a complete recital in the present case, whereas in 
the eailier study they icquired 435. This diftcicnce is due partially 
to the greater maturity of the subject and to bettei motivation. He 
appreciated the scientific importance of the experiment and was 
also aware of the fact that when he had learned a selection he would 
be through with it The main interest of the study, however, was 
in the comparative saving rather than the absolute scores 

On the whole, the experiment suggests that traces of the effect 
of presenting nonsense material in Infancy weie present at age 14 
but that the effect was unquestionably less marked than at age 
We still have available seven more selections which were presented 
in infancy and with which a third experiment will be possible at 
some future time. 
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Summary 

McaningleiS material (20-lme selections of Greek drama) was 
read aloud to the subject daily, beginning at the age of 15 mos. 
Every 3 mos a different set of similar selections was used as material, 
find this procedure was continued until the age of three, When the 
subject was 8j4-years old he learned some of the original material 
by a modified prompting method m comparison with other material 
vvhich he learned de novo, A similai expenment was conducted with 
still other material from the original selections at the age of 14 

At the age of the rclcaining required approximately 30 per 
cent fewer lepctitioiis than were needed to leain new material. At 
the age of 14 the corresponding figure was 8 per cent. At the age 
of the original selections svhicli had been presented later in 
infancy weic lelearned more readily than those presented earlier m 
infancy By the age of 14 this diffeience had disappeared Lcain^ 
mg curves, howcvei, show some significant diffeicnces between the 
ordinates for learning and icleariiing at the age of 14 The effect 
of the presentation in infancy was very maikcd at the age of 8)4, 
but at the age of 14 the effect, while still appreciable, was consider¬ 
ably decreased 
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THE EFFECT OF PENALTY UPON FREQUENCY OF STUTTERING 

SPASMS* 

C Van Riplr 

One of the features with which the psychologist must constantly deal 
wiien investigating stuttering is the great tunoiint of variation in the fre¬ 
quency of stutteiing blocks or spasms Steer (2) has shown that frequency 
of stuttering spasms is, at least to a certain degree, a function of the type 
of ■jpeech situation Van Riper and Hull (4) showed a piogicssive decrease 
in frequency of spasms as the stutteier adapted to any given speech situa¬ 
tion. However, little knowledge was gained from these experiments as to 
what factors m the situations weie responsible for the variations in fic- 
quency 

It was this experimenter's hypothesis that in any given speech situation 
one of the factors ivlucli determines the fiequcncy of stuttering spasms is 
the felt or expected penalty which attaches to the stuttering spasm 

In order to determine the exact role played bv the expected penalty, the 
following procedure was devised and administeicd to 16 stuttereis The 
stutterer was seated in the same room with two experimenters Electrodes 
connected with a Haivard induction coil were fastened to his neck He 
was then given a leading passage which included all the sounds of the 
alphabet in their initial positions, and asked to read the passage six times, 
a one-miniitc rest being given between readings During the pause before 
the fourth reading, the stutterer was told that, for each spasm which oc¬ 
curred during that reading, he would be given a severe electric shock, 
the shocks to be given at the conclusion of that reading A sample shock 
waa administered The two experimenters, iiKlependentlj of each other, 
recorded the number of spasms per reading by underlining the words 
stuttered upon It was found that this threat produced an average in¬ 
crease of 5 2±:0 8 over the preceding reading, all but one of the subjects 
showing an increased amount of stuttering This is of greater significance, 
111 view of the finding of Van Riper and Hull that the number of spasms 
normally tends to dcciease fiom reading to re-reading The added penalty 
pJaced upon stuttering, theicfoie, pioduced more spasms, a finding of im¬ 
mediate importance to clinicians 

In order to insure, however, that it was fear of a penali7ed stuttering 
rather than fear of electric shock which was responsible for this increase, 
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two further readings were used as cotibols No shock wag threatened or 
given on the fifth reading, but prior to the sWth reading the subject was 
told that he would be given as many shocks as he had had spasms on 
the initial reading, but that the number of spasms which he had would 
in no wise affect this number of shocks to be given at the end of the 
rending This threat was found to piodiice an average incicase of only 
15±0 7 spasms over the previous rending, approximately one-third of 
the subjects showing no increase whatsoever. 

When computed according to the usual methods, it was found that 
iheie Were 99 chances out of 100 that tin cat of shock per spasm would 
produce more stuttering than thicat of shock icgaidless of spasms, the 
average diffcience being 4 5±0 6 ui favor of the former, all but one 
of the subjects showing a grcatei amount of stuttering in this direction, 
In Older to eliminate enora due to sequence, one-half of the subjects 
were given the threat of shock alone on the fourth leading and tin eat 
of shock per spasm on the sixth rending No essential differences were 
found whether the data for the two expenincntcri were averaged or treated 
separately, The data included in Table 1 represent the average of the 
two experimenter's independent counts. 


TABLE I 

DlFtLREKCES IN FREQUENCY Op* SPASMS DETWCPN READINGS 


Compared readings 

Average diff 

SD 

Reading 1—Rending 2 

3 9 

3.6 

Rending 2—Rending 3 

3 3 

3 1 

Preceding reading—^Thicat of shock leading 
Preceding reading—^Threat of shock per spasm 

—1 5 

27 

rending 

Threat of shock per spasm leading—^Threat of 

—5 2 

3 0 

shock reading 

4.5 

26 


It IS felt that the rrsiilh of the reported experiment show conclusively 
that frequency of stuttering spasms is in part, at least, a function of the 
penalty felt by the stiiUeicr to be attached to them 
The importance of such a finding to theiapy is obvious. If one is to 
decrease the number of stuttering spasms, it is necessary to dccicasc the 
penalty attached thereto Fundaincritallv, what society penalizes is the 
intenoption to communication and the abnoimal manner in which com- 
tnunicntion is finally achieved Since the only aymptoma common to all 
stutterers arc the repetitions and prolongations of aiticulntory postures, 
and since the variation in symptoms fiom stutterer to stutteicr seems 
largely to be a function of the habitual reactions he makes to these primary 
symptoma (3), it would seem advisable to teach the stutterei a manner 
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of stutteiing which minmiizcs the inteniiption and abnormality as much 
as possible Such a thciapy is at present bemg eYpenmcntaJly developed 
at the State University of Iowa Speech Clinic Similarly, this expciiment 
points toward the development of mcntal-hygienc techniques in the direc¬ 
tion of those advocated by Bryngelaon (1) 

From a theoretical pome of view, the results of tins experiment bear on 
the problems concerning diflFeienccs m the amount of stuttering in the 
so-called *‘easy’^ and “hard” situations, and upon the great individual 
dirteicnccs among stutteicrs 
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A NOTE ON THE PERSEVERATING TENDENCY IN STUTTERERS* 

Jon Eisbnson 

We are interested in learning whethci suittering is a foim of persevera¬ 
tion Perseveration is the tendoncy of ideas to remount into consciousness 
spontaneously, after they have once occurred II M, Cushing (1) defines 
perseveration as a lag or inertia of chemical-ncliral processes 
To date, investigators have been concerned chiefly with the phenomenon 
of perseveration in the abnormal Ewen (2) investigated peiseveration 
in normal anti epileptic subjects He found the persevcrating tendency 
to be a feature of the peculiar mental slate of epileptics between attacks 
II, II Jasper (3) defines perseveration as the tendency of a set of neurons, 
once excited, to peisist In this state of excitation autonomously, showing 
resistance to any chnnge in this state J, Pinard (4) found that per- 
severators tend to be nervous and sensitive The reoccurrence of a tune 
or a jingfe or the feeling of being on rollei skates after the skates have 
been removed aie common examples of the perseverating tendency 
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Tins paper will deal witli the results of a prehminaiy investigation of 
(he per{»cvcrat!iig tendency in stutterers Is the tendency of the stutterer 
to repeat a sound that he has made a manifestation of the perseverating 
tendency? The production of a speech sound icsuits fjom the excitation 
of a set of neurons If the state of excitation continues autonomously, 
resisting change, the result will be a repetition of the original sound 
produced 

In order to determine the existence of a general perscveiatmg tendency 
among stutterers, a senes of tests^ was administered to a group of 30 
stutterers and a control group of 30 non-stuttcrers The groups were 
matched foi chronological age, mental age, and school cnviionmcnt The 
age range waa from 10 to 16 Both groups were composed entirely of 
males The teit material was constructed along these lines (1) A situa¬ 
tion js presented Co which the subject is required to respond foi a given 
period of time (2) A vaiiation of this situation is then piescntcd to 
which (he subject is required to make a different response for the same 
time period (3) A thud situation, consisting of the combination in landom 
order of both original situations, is then piesented, The subject is here 
required to change his reactions quickly and suddenly, Failure to make 
these changes is a failure in responding to a new situation A failure 
means that the subject coniiniied to react to a situation which was no 
longer present A mental pioccss continued in activity after the conditions 
to which It was originally due weie no longer present, This ia taken 
os a measure of the pcrscvcrating tendency 

Another factor entering into the measure is the number of items com¬ 
pleted within the allotted time The fewer the items completed in changing 
from one task to another the gieatei the amount of time needed for the 
adjustment to the new task, oi, aiguing conversely, the greater the amount of 
tunc spent per item the Iniger the degree of perseveration 

The complete battery of 15 tests included the following types of mental 
and motor tasks (n) writing letters (^>) clravving horizontal nnd vertical 
lines, and (c) addition and multiplication of one-place numbers 

The results of the test are summarized in Table 1 The stuttereis com¬ 
pleted more items than the iioii-stuttercis in those situation? whicli called 
for a continuation of the same reaction to an unchanging stimulus (280 
Items for stutterers compaied with 262 7 for the non-suitteicrs) The differ¬ 
ence between the means of the groups is 17 9 items This difference ap¬ 


proaches statistical rcliabikty 


Diff 



A larger number of cases 


'These tests were part of a battery incUided m the Mallcr-Elkin Attention 
Test for the Measurement of Perseveration, Teachers College, Columbia 
University, 1935 
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TABLE 1 

Comparison or SxurirRLRS and Non-Stuitrrcrs in Tbsfs or Perspveuation 



Stutteicrs 

Noti-Stuttcrcrs 

Diff 

^d\Ji 

Mean perscvciation quotient 

63 5 

67 7 

27 

Mean initial score 

280 6 

262 7 

12 

Mean final score 

524 7 

527 3 

1 

Mean errois 

70 

42 

1 4 


would be needed, howovei, to c^itablish unquestioned statistical significance 
Despite the advantage in number of items completed in the initial testa, 
tlic iion-stirtteieis completed moie items in the complete test battery than 
the stutterers (527 3 for non-stutteicrs, 524 7 for stuttercis) The mean 
number of errors for the stutterers was 7 03 , foi the non-stutterers 4 17 


Diff 

The ratio - is 1 4 

There are two things to be noted Fust, the stuttereis "slowed-down" 
more in their tasks than the non-stulleieis, and, second, the stutterers made 
more errors while woiking The slowing down and the errors we consider 
to arise out of the stutterer’s clifliculty m making ready adjustments to a 
clianging situation He failed to respond to new stimuli as accuintely and as 
rapidly as the non-stuttcier 

A perscrveiation quotient based upon the initial and final scores was com¬ 
puted for each of the groups Accoiding to the method of computation, the 
larger the (quotient the smallei the degree of peiseveration The mean P 
Q for the stutterers was 63 5, for the non-stiitteicis, 67 7 The difference 


between the two groups (4 2) is statistically significant 
2 72 


Diff 

The ratio -was 

^dtff 


Summary and Conclusions 

The results of the tests show a gicatci tendency on the pait of the stut¬ 
terers to icsist change—a greater tendency for their neiiions, once excited, 
to persist in the original state of excitation than is the case with noimal 
speakers 

We propose the theory that stuttering itself is an indication of resistance 
to change, and hence a manifestation of the phenomenon of perseveration 
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INCIDENCE OF ORPHANHOOD AMONG FIFTEEN HUNDRED 
PSYCHOTIC PATIENTS*^ 

PI Barry, Jr and W A, Bousfield 

The number of wnten who stress pnicntal influence as a factor m nor¬ 
mal development is impressive Cannpbell (6), Hartwell (H), Myerson 
(19), Henderson and Gillespie (13), Thom (24), and Wallin (25), to cite 
only a few, attest the value of an adequate child-parent relationship. In 
view of the findings of these authorities, it might be expected that the 
disrupting of the home by the death of parents would be followed by 
some noticeable change in the personality make-up of the child It is also 
obvious that the various ramifications of this problem comprise a subject 
for intensive study and observation. In the field of criminology this is true 
to the extent that broken homes have been reported as a causal factor in 
delinquency by a long senes of investigators including Healy and Bronner 
(12), Glueck and Glueck (9), Breckinridge and Abbott (3), Shideler (21), 
Sullcnger (23), and Erickson (8) In contrast to the number of the above 
researches, there is relatively scant information concerning this approach 
to the genesis of emotional disorders. Plant (20) biicfly presents dis¬ 
integrated family relationships as a psychiatric problem* Grzywo-Dnbrow- 
ska (10) refers to the large peiccntage of orphans among a series of 
juvenile suicides, and Barry (2) reports on the high incidence of orphan¬ 
hood among psychotic rulers 

The present investigation deals with 1500 psychotic cases, all of them 
white, and first admissions to the New Jersey State Hospital, Greystone 

•Received in the Editorial Office on SeptemLer 14, 1936 

'The writers wish to acknowledge their indebtedness to Drs Marcus 
Curry, Superintendent, and A, G Lane, Clinical Director, of the New Jer¬ 
sey State Hospital, Greystone Park, New Jeisey 
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Parkj New Jersey Data regarding family background were obtained from 
the anamneses comprising part of the routine clinical case histories In 
this report we have adopted Lotka*a (16) definition of an orphan as a 
person who has lost one or both parents by a certain specified age The 
arbitrary age of 12 was selected since it appeared adequate to include 
those cases for whom iiifoimnnts reported, '‘The mother (father) died 
while the patient was a child” Furthermore, tins age serves as a con¬ 
venient approximation of the onset of puberty 

The data indicate that the patients born prior to 1905 include a high 
percentage foi whom adequate infoimation could not be obtained While 
there might be a presumption that these unknown backgrounds would 
include a relatively large proportion of orphans, this is too uncertain to 
serve as a basis for any final conclusion For the cases bom subsequent 
to 1905, however, the records are reasonably complete, as indicated jn 
Table 1, 


TABLE 1 

Incidence of Orphans among Fiitbbn Hundred Psychoiic Patients 


Family situation at the age of 12 (percentage of total cases) 


Date of 
birth 

Total 

cases 

Orphaned 

Not 

orphaned 

Information 

inadequate 

1916 efseij 

53 

26 4 

717 

1 9 

1911-1915 

186 

28 0 

66 1 

5.9 

1906-1910 

249 

18 9 

77 1 

4 0 

1901-1905 

23-1 

20 5 

65,4 

14 1 

1391-1900 

457 

18 2 

62 8 

il90 

1881-1890 

321 

19 6 

59.8 

20 6 


There is a marked increase in the incidence of orphanhood for the patients 
born subsequent to 1910 Combining the data for this group of younger 
inmates, we find that 27.6 per cent lost one or both parents before they 
were 13 years old This is 8 7 per cent higher than the figure obtained 
for the slightly older group born between 1906 and, 1910, in spite of the fact 
that mortality rates and consequent expectation of orphanhood have de¬ 
creased steadily since the beginning of the century [cf Lotka (15)] Com¬ 
parison between these subgioups taken from a single hospital population 
strongly suggests that there is a more pronounced relation between orphan¬ 
hood and the subsequent development of a psychosis in the cases of patients 
who are admitted before they are 25 years of age 
Aside from the relative dilfciences between the figures for the younger 
and older patients, the actual magnitude of the incidence of orphans in 
the younger group is impiessive While it would appear improbable that 
even 20 per cent of the general population would lose a parent by the 
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Hige of 12, control figures are none-the-less needed Published data on this 
subject are relatively meager The icsiilta compiled in Table 2 arc 
admittedly inadequate as a basis for comparison, but they do furnish an 
indication of the normal evpcctancy of orphanhood It may be seen tliar 
the figiirca presented in Tabic 2 are consistently below those presented m 
Table 1 

TABLE 2 

iNciDfeNCE OF Orphans among Normal Individuals 


Investigator 

Per cent 
oiphans 

Comment 


Burdge (4) 

15 0 

New York state* ages 16-18 

casiialtteB 

Biirt (S) 

17 0 

London, 1921* inffiienced by war 

Lolka (16) 

14 8 

Bntidi cenbUi, 1921* influenced 
casualties 

by war 

Lolkn (16) 

16 7 

Computed for U, S based on 
tables 

mcrtality 

Slawson (22) 

15 9 

New York CUy school children* grades 5-10 


It should be noted that othei mvcsLigator^ have presented statistics .in 
broken homes, including in this category divorce, deseriion, and separation 
Typical of these studies are those of Baker, Decker, and Hill (1), Campbell 
(7), Monroe (J8), and Mend (17) Tlij^ii percentage's range ficuii 18 to 23 
While these figures indicate a fair degree of consistency with each other, 
and with the data for orphans previously quoted, it should be evident 
that they are not strictly comparable, since they represent varying ages 
at which the broken home factor is considered Moreovei, as Slawson (22) 
has indicntetl, the percentage of broken homes vanes widely between 
dilTercnt districts He presents results foi three different sqliools which 
vaiy from 12 3 per cent to 241 per cent according to the social status of 
the neighborhood Obviously more research must be undertaken before 
the reliability of these Jesuits is definitely established 

CONCI USIONS 

1 Family bockgrounds wete studied for 1500 psychotic patients Of 
those born since 1910, 27 6 per cent had lost one or both parents by 
the age nf 12 

2 Comparable figures for normal controls as presented by different 
investigators ate definitely below 20 per cent 

3 The evidence suggests that the older patients have a smaller incidence 
of bercavernenta than those who develop a psychosis before the uge of 25 

+ Results presented here are pteliminary until confirmed with a larger 
group. 
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A SAND-TUBE OBSTRUCTION APPARATUS* 

Calvin P Stone 

The accompanying figure illiistiatea an apparatus unit that wna designed 
by the author to make use of the rat’s digging proclivities in overcoming 
an obstruction placed between himself and a specific desideratum. The 
unit illustrated in this figure is being used to study mateinal drive With 
slight alteiation it can be used for a vaiiety of other problems in the field 
of motivation, 

Cage A IS the incentive chamber In this during the training trials is 
placed an object that is appropnate to a strong internal need in the animal 
being tested. Foi example, one places hcic an inverted tube of water for 
the thirstv, a pan of food foi the luingiy^ nesting materials or infant young 
foi the mothei, a receptive female for the adult male, ati adult male for 
the sexually receptive female, etc 

Tube B, extending fiom Cage C to is the receptacle for the sand 
obstruction This tube consists of a piece of sheet-metal tubing^ 24 m 
long and 3 in in diametci, to which at the lower end a 90-degree elbow 
of the same mateiial is attached The free end of the elbow is so trimmed 
that Its open mouth fits into the elliptical hole in the floor of Cage C and 
projects above the floor approximately in A 1-in stiip of haidwarc 



^Received m the Editoiial Oflicc on May 19, 1936 
piece of spouting oi stone pipe 
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cloth fastened lengthwise in the tube enables the rat to ascend and descend 
the tube with case At the upper end of the tube a trap-dooi is placed 
This may be kept open altogetliei, or opened by the animal as it ascends 
the tube In the latter case, the dooi closes behind the animal and thus 
prevents liis returning down the tube When another animal is conlined 
in the incentive chnmber as a liirc, the closed trap-door prevents the ani¬ 
mated lure fiom entering the tube Fine sand is poined into the upper 
end of the tube by means of a long funnel As a rule, the rolling sand 

completely fills the lower portion of the tube, but if this is not the case 

a small amount of sand should be added at the distal end hy the experi¬ 
menter One vanes the total amount of sand according to the amount of 
work one wishes to impose upon the animdl A volume that stands 8 or 

10 in 111 (he lube can be removed in a minute or less by a strongly moti¬ 

vated rat that has had a few successful experiences in removing this 
obstruction 

Cage C IS the digging chamber Its sides and floor are made of hard¬ 
ware cloth This makes the animal visible to the expeilmenter and allows 
the sand to disappear as it is pawed from the tube A metal trough (T) 
beneath the floor of Cage C collects the sand as it falls through the floor 
and assembles it in a receptacle {R) In most experimental settings the 
animal is started in Cage Ct but in studies of maternal behnvioi the home 
cage of the mother (Cage D) is jutted against the end of Cage C and an 
opening between these cages is made to allow the mother freedom of 
movement to and from the home cage Cage D is a permanent part of 
the present unit In it the mother and her young arc placed a day or two 
before ciitical trials on maternal drive aic mode. When seveinl animals 
nre to be tested, portable mateinity cages that can be set upon a small 
stand, of the nppiopnate height are substituted for Cage D This pro¬ 
cedure reduces the time re(|uired for prelimioaiy adaptation of the mothei 
rat to the teit situation, 

SuGCFSTlVE Uses OF HIE SaND-TuRL OdSFRUCTION ArPARATCJS 

This appaiatus has been used at Stanford Univeisity in undergraduate 
courses for the following purposes 

1 Co relation of Deprivation Intelval mifi /Iniwa! Drive By way 
of preliminary training, a rat is allowed to explore all parts of the unit 
thoiuiighly, with no sand whatevei in the tube Then food, for example, 
IS placed in the incentive chambci and the animal is allowed to make a 
few trips to the food and to eat a few pellets at the end of each trip 
Next, about half of the lumen of the tube is filled with sand Under this 
condition no digging is required, but the rat will have to crawl through 
a smaller opening Following this, a trial is given with the lumen approxi- 
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mately thrcc-fourtlis dosed Then comes a trial with the lumen completely 
filled Finally, a few more trials arc given with the liinacn completely 
filled in ordei to stabilize the animars leactions to the obstruction This 
completes the preparatory training for the experiment proper in which 

the deprivation interval is vaiied aftci the mannci of Warner (1) who 

used the Columbia Obstiuction Appaiatus Rats are tested for the number 
of instances they will remove the obstruction dujing a standard test period 
of 20 min These data which may be obtained in a shoit time by a gioup 
of students woiking cooperatively make possible a lough, but satisfactory, 
CO relation of the efforts of the animal with the interval of food depriva¬ 
tion In a similar mannei, tests of tliiisty animals can be made 

2 Rcaihous A hungry rat that has been allowed to txploic 

all parts of the appaiatus is permitted to obtain food m the incentive 

chamber From time to time he is rcluincd by the experimenter to Cage C 
in order to force him to ascend the tube to reach food. So fai the tube is 
entirely empty When the hungry animal liasi acqmicd the habit of ascend¬ 
ing the tube immediately upon being dropped into the digging chamber, 
the lumen of the tube is filled with sand, and the behavior of the animal as 
he encounters and finally removes the obstruction is observed By the use 
of a code and a mimeographed sheet, with which the student has famil¬ 
iarized himself in advance, a comprehensive record of the animal's 
activities m the digging chainbei is charted on a time line If the animal 
fails in 20 min, he is removed and gi\cn other trials on the same or the 
following day until he solves the problem Of special interest is the con¬ 
trast between the rat’s activities when he first encounters the obstruction 
and hia bchavioi in trials after he has masteicd the obstiuction This is 
a very satisfactoiy expei iment foi beginning students because the animal 
almost always solves the problem m the fiist or second critical trial. 

3 Studies in Peisc*uc\ ance Taking animals that have had experience 
in removing the sand obstruction and are consistent fiom trial to tiial, 
one may perform studies on the perseverance by suddenly increasing the 
amount of work to be done The latter is accomplished by inseiting a 
1-in. rubbei tube into the upper end of the sand-tube and pouring sand 
through a funnel into the tube as the sand is removed by the lat Pro¬ 
longed periods of work in which the animal’s behavior differs markedly 
from the accustomed behavior of one that has been successful in overcom¬ 
ing the obstruction within a minute or two are thus evoked Repeated 
experiments of this kind aff-oid a point of departure for discussions of the 
literature on animal fiustration 

4 Individual Differences By using a number of animals in each of the 
foregoing experiments, data are assembled for tlic study of individual 
differences In this connection, differences that can lie ascribed to varia- 
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tions in techniques nrc readily differentiated from those arising Avheii 
techniques of the experiment arc held constant 

Up to the present time no attempt has been made to lay down standard 
methods for the use of the s.ind-tuhc obstruction apparatus in lesearch 
It 19 asaiimed that each experimenter will wish to develop liis methods 
in accordance with the nature of his problems 

RErCRKNCE 

1 Warnir, L H a study of hunger behavior in the white rat by means 
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A PAPl^R-WlNDOW OBSTRUCTION APPARATUS^ 

Calvin P Stone 

Ilaggeriy used a paper window in studies of imitation in monkeys (1) 
This usage suggested to the author the possibility of employing the basic 
idea of the paper window in obstruction tests with rats Some of the 
ways it has been employed by the author in studies of motivation and 
learning will be described 

In Figure 1 are given three views of a typical window fiame constructed 
to hold a piece of papei toweling in place This frame consists of two 
pieces of dirce-ply wood, 6 in, wide and 12 in, long, hinged together at 
the top so that the two pieces mav be separated and brought together in 
sandwich fashion At the ends of these boards opposite the hinge, 4'in 
holes have been cut Near the edge of the hole in one of the two boards 
short nnils were driven from the outer to the inner face so that their 
free ends project into holes in the inner face of the opposite board These 
nails, four or five in number, hold a piece of paper lying between the 
sandwich boards firmly in place when the bonrds are piessed togethei as 
illustrated m Figure IB Figure \C illustrates a finmc with paper that 
has been torn by n rat prcpaiatoiy to going through the opening 

Frames of tlJfTercnt dimensions have been used by the author and also 
openings of different shapes and areas have been tried Apparently a con¬ 
siderable latitude of vaiialion in these details is permissible without materi¬ 
ally altering the usefulness of the paper as an obstruction The ciiculai 
openings shown in Figure 1 were cut by means of a fly-cuttei which oper- 

*Received in the Editorial Office on July 23, 1936 
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FIGUKE 1 

Thaeb Views or rnn Window FR^mE Used in the P\prR Odstruction Test 
Tliey are 6 in wide and 13 in long, Element A shows the frames ready for 
the insertion of a piece of paper toweling (the obstruction) which is held in 
place by small nails (;/) when the inner faces of the two boaids arc pressed 
togethei, as m I), Element C illustrates the type of hole made by a lat, 
preparatory to going through to reach the food, 

arcs in an ordinary machinist’s lathe By this means a perfect ciicular 
opening of any desiied diameter may be cut in approximately one minute 
Figiiie 2/7 illustrates a clemonsti ation apparatus consisting of three 
complete units for obstiaction tests The top and outei walls are made 
of hardware cloth, The window frames stand vertically and are held in 
place by mean? of wooden guides nailed on the outer walls ind the pai- 
titiona of the box, The frames may be lifted out for the inseition of new 
paper but cannot be displaced by the animal 

To use this apparatus a i at is put into one of the front compartments 

(ij) and IS required to pass the papei barnei by teaiing n hole in it to 

reach the goal coinpaiLment (G) Oidinaiily at the outset some prelim^ 

inary training is given in order thnt the animal will be well oriented 
toward the task of overcoming the baniei This consists of giving thiee 
or four opportunities to pass through the unobstiuctcd opening to reach food 
in the real compartment and then two oi three additional trials with a 
piece of torn papei m place biich aa that m Figure XC On the last of 
these trials the nninnJ is required to enJaige the hole in the paper by 
tearing it with his mouth oi by foicing his body thiough the opening 
A good class demonstration is alforded by confronting three animals with 
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Element A Illustrates a Three Unit Demonstration Box Desioned Pri¬ 
marily roR Classroom Usi 

It is 30 in, wide, 2+ in long and 12 in high Element B is a stinight run¬ 
way accommodatmg three obstruction fiames It is 4 ft long, 12 in. high, 
and 6 in wide, Element C is a quadi angle 6 ft. long, 6 ft wide and 12 in, 
high. The width of runway is 6 in It accommodates 20 paper obstiuction 
frames 


(1 liferent degrees of training with the paper obstruction test simultaneously 
In the first compartment ib placed a hungry rat that has been allowed to 
complete the first step of preliminary training in winch it merely goes 
through the unobstructed hole to the food, in the second compaitment is 
placed a hungry lat that has completed the second step in preliminary 
training, namely, that of going through a large hole in the paper made by 
the experimenter, and in the third will be put a hungry rat that has com¬ 
pleted both steps of the preliminary training and, in addition, on one previ¬ 
ous occasion has torn a hale in an intact piece of paper Under these con¬ 
ditions the moat experienced animal will immediately rend the paper 
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window as shown .n Figure IC and dash through to obtain the reward, 
the next most expeiienced animal will center its activities upon the window, 
but ordinarily will leave it frequently before sinking its teeth into the 
intact paper, an act that is the fiist indication of a solution of the problem, 
the least expeiienced animal will display a gicat deal of desultory behavior 
and seldom make an opening in the paper window during one observation 
period of IS min , unless given aid, sucli as a small perforation in tlic paper 
made by running a lead pencil through it 

Figure 2B illustrates an apparatus that was designed to accommodate 
three windows m a stiaiglit runway With this the animal may be re¬ 
quired to hieak thiough three bairiers in succession in older to pass from 
the stait {S) to the tfoof (G) The object of this aiiangement of barrieis 
,8 to provide way stations foi studying the behavior of animals towaid 
ultimate and subsidiaiy goals in motivational studies involving incentives 
that have different preferential values 

Figure 2C illustrates a still inoic extended senes of windows, 20 in miin- 
ber so arranged that the animal comes back to the starting-place, oi to an 
incentive chambei that is neai it (but not shown in the drawing). If one 
haa need of only one straight runway, he uses only one side of the quad¬ 
rangle and shuts it off from the rest by means of a solid board that replaces 
one of the window fiames Also, if fewer than the maximal nuraher of 
frames is desired on either side of the quadrangle in any experiment, those 
in excess of the present need are removed fiom the apparatus This par¬ 
ticular adaptation of the basic idea of the paper obstruction was devised 
to piovide a suitable work-load to differentiate between stiongly and weakly 
motivated rats, and also between those that were appiopiiatcly rewarded 
and those that were inappropriately rewarded The differentiation rests on 
qualitative differences in behavior and on qu.mtitative differences m the 
number of barriers overcome in a time-limited obseination peiiod 

No doubt other experimentalists will find many diverse ways in which to 
employ the basic idea of the paper obstruction The author has illustrated 
only a few of these possibilities The paper obstniction is recommended 
chiefly because it has the choiacteristics of a genume barrier and at the 
same time is one that may be overcome again and again by rats of any 
age beyond weaning without setting up undesirable fear or avoidance re¬ 
actions toward it 

Reference 
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Harvey A Carr An Introduction to Space Perception New York Long¬ 
mans, Green & Co, 1935. Pp xi-i'413 

More than seventy-five years have passed since Lotze, Helmholtz, and 
Wundt undertook to formulate the problem of apace perceptron Thrs 
problem has since become one of the most fru.tfr.l .and perhaps tAe most 
important of all the problems rn experimental psychology Nevertlrclcss, 
the problem of space perceptron ra so mtertwrned wrth other aspects of 
sensory fnnetron that rt has hardly achreved the degree of autonomy that 
IS fully warranted in vrew of a volumtnous expertmcntal literature. Timely, 
indeed, is this authoritative English text devoted exclusively to these 

"* The "work evinces a distinctly modem cast One finds here a treatment 
that IS not weighed down by extended historical or encyclopedic documen¬ 
tation The functional approach is consistently maintained, a 
problem of efliciency is kept in the focus , , 

The general problem is oriented primarily m respect of remote objects 
(p VI). The author’s objectives are to indicate the various modes of appre- 
Znding spatial relations, to specify the factors upon which such unction 
essentially depend, and to set foith the conditions under which they are 
3lly determined. Representative studies which bear upon the various 
phases of the problem aie summarized and critically ‘''aluate . 

The book comprises a short introduction (pp 1- )> on “ S 
iniide infra), and subject .md author indices (pp 407-4.13) In two cases, 
a heading is allocated two chapters, otherwise, the subject-matter of difier- 
ent chapters is essentially distinctive Nevertheless, the successive chapters 
are bound into a unity by a thread of continuity, to w.t, a motor (pro¬ 
prioceptive) theory of space perception, which usually is ^ , 

a orcsentation of experimental data This theory specifics that_ spatial 
relations are apprehended in terms of motor adjustments di," 

respect of objects Adjustment for each point m the spa i.al field m di 
tmctive and is the bnaia of a specific locality leference ( local 
is in terms of the cflicicncy with which these adjustments are made that 
the capacity of the organism for apprehending spatial relations may be 

t™L .. . • 

Jo. ...«d.. .b. v..r —• 

lively in app.ehend.ng spatial relations (Chapter 2, pP 7-58) 

ZL „ sa!^d to he primary it is the single 

which these relations usually are most accuiatcy etcrmine , 

rminant over hearing in localizing with the aid of psei.dophones The 
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cooperative action of the senses in this context is acquired; a new func¬ 
tional relation is readily citahlished between vision and sornesthesis (pro 
prioception) after the customary one has been disrupted by means of a 
lens that shifts visual relations in a dennite way 

Chapter 3 (pp 59-91) is devoted to the inverted retinal image, or 
optical inversion, mystery It is indicated that the correlative fact of 
hori 2 ontal inversion has been generally ignoied The enigma m this much- 
disLiissed pjoblem has its basis in a dualistic distinction between a physical 
nfid a visual or psychological object, the latter of which has no existence 
independent of and apart from the peiceiving subject 
The treatment m Chapters 4 and 5 (pp 92-158) concerns the auditory 
perception of space. The author here attempts to distinguish between 
visual and auditory peiccption of space, i e., in terms of vision spatial rela¬ 
tions are sensed but in terms of audition they denote meanings The 
latter is said to signify n relationship between an aiiditoiy object and a 
visual and soincsdictic object However, the distinction is one of degiee 
rather than one of kind, since visual relations of space denote meanings 
between a visual object and n visual and somesthetic object 

Chapter 6 (pp 159-194) is primarily concerned with the fact that excita¬ 
tions in the two corresponding areas in the binocular relation entail like 
localizing responses and signify n common locality reference, while exci^ 
tntions in non-tor responding areas refer to objects at diderent spatial 
positions. Chapters 7 and 8 (pp 195-288) are devoted to visual per¬ 
ception of distance, and Chapter 9 (pp 289-335) contains the treatment of 
visual perception of direction* Knowledge regarding the latter problem 
19 less dchnitc and precise because it is more complex and has not been 
inveatignted so thoroughly. In Chapter 10 (pp 336-358) the topics of 
conUmious nnd disconUnuons movement are summarized within the bounds 
of a short paragraph apiece, and the topics of relativity in the perception 
of motion, objective and organic criteria, and aftei-eflccta are discussed 
at some length, The last chapter (pp, 359-405) is concerned with linear and 
areal aspects of visual perception 

A treatment which makes efficiency the central problem has a very definite 
bearing upon the pioblem of learning The latter dovetails with the 

problems of space perception m two distinctive ways (1) the rivaling 
claims of natlvists and empirlcista need to be evaluated in order that the 
scope nnd the bearing of the problem of learning in the present context may 
be specified, and (2) the course (character, rate, etc ) of improvement in 
efficiency needs to be traced in connection with such aspects of the prob¬ 
lem as manifest the property of acquisition 
The first of these phases of the learning pioblem, that concerning the 
distinction between native and acquired aspccta of space perception, is one 
of the salient considerations in the present work It receives attention m 
a number of connections The reader may be a bit surprised to discover 
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that the author Jeans so strongly tow aids nativ^sm at several points This 
js illustrated jn the speuficntion that the common locality reference of 
corresponding areas in the binocular relation is “innatclv conditioned" 
Although the comment is added that the siicngth of the connection may be 
materially influenced by experience (p 180), this commitment has the 
ctfcct of shifting learning to a role of secondary importance. 

The sccondp the de’velopinenial phase of the learning problem receives 
treatment by implication at least in such a context as that rcgaidmg tlie 
cstablislimciit of a new functional relation between vision and someathcsia 
(proprioception) when devices are used to .alter the normal spatial rela- 
tmnships This aspect of the learning problem does not receive the careful 
attention that it deserves, and possibilities are not sei'/ed upon to indicate 
instances in which developmental features may be levealed presently, Thus, 
in the last chapter, pronouncement is made that size and shape must be taken 
for granted as n given datum of experience (p 361) A different treat¬ 
ment could have indicated that the manner in which these characteristics 
emerge from non-spatial components has not yet been revealed dearly, but 
It is quite conceivable that in due time it» too, will be shown to be a 
function of learning, 

The fluthoi’s decision to restrict references laigdy to Engli'ih sources is 
wcJ] justiBed Specific reference to the significant contributions of Lotze 
and Wundt in such a work is a matter of choice and not of requirement, 
Besides, statement was made in the Pteface that little use was to be made 
of the wealth of German literature However, the neglect of such other 
German sources as are now readily accessible m English is not so easily 
comprehended. Too, it cannot merely be taken for granted that the 
(American) functional and liKe (German) configuTQtionnl approaches 
which conveige upon tins problem are mutually exclusive The laws of 
spatial grouping and other factual data are not specifically considered in 
the very contexts in which they bare a natural setting A more definite 
comment in the Preface could have dispelled much wondei as regards this 
indifference 

These critical comments are here set forth for the purpose of indicating 
points at which the reviewer hclievcs the treatment might have been 
made more representative They are not to be construed aa seriously 
militating against the end for which the book was intended The work is, 
indeed, what it purports to be—an introduction to space perception For 
this purpose, it is very suitably adapted. As the only authoritative (mod¬ 
ern) text upon the topic of space perception, it embodies points of high 
merit (!^hJcf among these are the functional approach and the designation 
of efficiency (the adequacy of the organism in responding to the environ¬ 
ment) as the central problem in perception 

Wellesley Colieffe Michael J Ziolfr 

Wellesleyj 'Masiachnsetis 
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THE DEVELOPMENT OF TEMPERATURE SENSITIV¬ 
ITY DURING THE FETAL PERIOD^ 

University of Rochester and Biovon Umvanty 


Leonard Carmichael and G F J. Lehnfr 


I. Introduction 

In 1885 William Picyei wiotc in his significant book on the 
special physiology of the cmhiyo 

It 19 of physiological and especially of psycliogcnctic iin- 
portance to determine cxpenmciitally when in man and ani¬ 
mals the individual sensoiy nerves hccouie excitable, how the 
neonate nnd the fetus in particular react to tactual, thermal, 
electrical, and chemical skin stimuli, to gustatory and olfactory 
stimuli and to auditoiy and visual stimuli (15) 

After moie than half a century, this piogram, the significance of 
which IS even more obvious than it was in Prcycr’s time, has still 
not advanced fai 

At the present time, the only sense which has been at all tlioi- 
oughly studied in its full development in fetal life in typical mam¬ 
mals has been that of cutaneous picbsure, although, of couise, inci¬ 
dental obseivations on the development of a number of other le- 
ceptor fields, especially including cutaneous pain, have been made 
on human and mammalian fetal material during this period 

Tlic cxpeiiments leported in this papei deal with the development 
of the temperature senses duiing the bchavioially active period of 
a typical mammalian fetus The philosopher, John Locke (11), m 
the seventeenth century attributed temperature sensitivity to the 
fetus Picyer (15), Kroner (9), Kussmaul (10), Genzmer (7) ^ 
Blanton (2), Peiper (12), Cancstiiiii (4), Aveiy (1); Pratt 
(13); Piatt, Nelson, and Sun (14), Jensen (8); Carmichael (5, 
6), and otheis, have all refciicd to tempciatuic sensitivity in the 
fetal or newborn human or mammalian organism So far as the 
wiiters aie aware, howcvei, the study repoited here is the fiist 

^Received in the Editorial Office on October 15, 1936 
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systematic investigation of the effect of tcmpcratuie stiinulation 
dm mg tile whole fetal period in a typical mammal It is also possi¬ 
bly the first study of any leceptor field beside that of cutaneous 
piessuie to be studied during this complete period 

II. Experimental Procedures 

Guinea-pig fetuses of known insemination age weie prepared for 
study, using pioccduics pieviously described bv one of the writcis (6) 
By the use of these techniques, fetuses of any desiied insemination age 
can be exposed in. a thermostatically conti oiled bath of body-waim 
physiological salt solution, with placental ciidilation maintained, 
Appropriate liglits and a motion-picture camera, with special lens 
equipment, make recording of the fetal behavior possible 

Six stimulus tempcratuies were used in this study Thiee, namely, 
47'’ b?" C j and 85'‘ C , were above the physiological zero of 

the organism, taken to be 37 5” C*j and three 27® C, 17® C , and 
5® C, were below A supply of physiological salt solution at eacli 
of the temperatures noted above was maintained in separate va¬ 
cuum flasks, each of which was fitted with an individual pipette 
and an individual thermometer 

Aftei the fetus had been exposed and obscivcd in a preliminary 
wav, it was gently lifted just above the surface of the bath, and 
three, or in certain instances five, diops of liquid taken from the 
bath and hence of a tcmpcratuie closely approximating the physio 
logical zero, weie dropped from a pipette held just above the sui- 
face of the skin on to ceitain definite cutaneous areas On each fetus 
the six spots studied were (/z) vibiissac-aiea, (^) ear, (c) shoulder, 
(d) lump, (<?) foic-paw, (f) hiiid-paw Following this in various 
orders, but oidinaiily with the extreme temperatures at the end, a 
simllai procedure was employed for each of the six temperatures 
listed above. After each stimulation, time foi recovery was provided 
while the fetus was again immeiscd in the bath At the conclusion 
of this scries, the fetus was ojdinanly again tested with drops of 
liquid at the physiological zeio temperature This piocediue was 
adopted to determine what icsponscs weie lelcascd by the tactual 
component, as contiasted to the behavior elicited by the temperature 
component of the diops of liquid used as stimuli In using this 
technique, the assumption is made that responses elicited by drops 
of liquid of tempeiatures othei than that of the bath and which 
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wcic not elicited by stimulation of similar diops of IkiuuI at the 
physiological zero of the oiganism may be coiisideicd being ic- 
]eased bv thermal stimuli The possibility must be icmcmbcred 
that at certain tempcratuics and at ceitain ages, pain rcccptois, 
not tempciatuie reccptois piopci, were stimulated by the liquid 
stimuli of the temperatures used Stiictly speaking, this paper thcie- 
forc icpoits a study of iespouses to thcinial stimuli and not directly 
a study of the so-called teinpeiatuic end-oigans, 

In ail, 58 fetuses were used in this stiiclv Of these, 18 were elim¬ 
inated from considciation in the lesults piescnted, because they 
were not in noimal condition or because complete obscivations wcic 
not made upon them The 40 fetuses actuallv studied came from 
21 litters of gestation ages varying fiom 28 days and 10 hours to 
62 days and 2 houis The fust motility of the guinea-pig has been 
obseived bv Budgman and Carmichael (3) at approximately 25 
days. The normal gestation period for the guinea-pig Is oidinaidy 
set at 68 days 


III, Experimental Findings 

One lesponse, a combined shoulder and limb reaction, was ob¬ 
served in one of three fetuses of a litter 28 days and 20 hours old 
This lesponse was released by drops of the coldest stimulus, 5“ 
applied to the shoulder. No othei tempclature-released responses 
weie obseived m this littei, although tactual stimulation with a hair 
did release behavior In each case Teniperatuie stimulation may 
lelease behavior in fetuses younger than tlic one leportcd above, but 
It did not do so in this study. 

Tlie general results of the cxpeiimcnt «Trc presented in five tables 
and m the discussion of these tables It should be remembered that 
the units counted in making up these tables have in many cases re¬ 
quired judgments on the part of the cxperimentcis concerning the 
natuie of the response in question, which could readily have been 
challenged at the time Howevei, othci qualitative (ic, the as 
yet iinquantificd) aspects of behavior, as obseived by the cxpeii- 
inentcrs but not recorded, seemed to confiim the quantitative general¬ 
izations given below in a most decided way Both of the writers 
ivere present at eveiv experiment and agiced on the protocols as 
lecorded at the time 

Table 1 gives the number of maternal animals and the age and 
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measin emciits of the fetuses actually used in this study The adult 
maternal animals aie indicated by Ictteis The age in days and 
liouis since insemination is given next Following this is the ciowri- 
lump length and next the weight in giams Inactive fetuses of 
otherwise active litters arc not shown in the table, although they 
were in each case measured. These measurements were made by 
G F J, Lehnet using a technique previously desciibed by Brulg- 
man and Carmichael (3). 

As noted in the table, fetuses from maternal animals A to H in¬ 
clusive are here aibitrarily taken to constitute wliat is called a 
‘Voung” group, fetuses / to 0 inclusive a ‘"mid” group, and P to T 
inclusive an group 

Table 2 presents the absolute number of responses in each of the 
thice age groups defined in Table 1 for each temperature used, 
In this table the total of the responses released by stimulating any 
of the SIX spots on the body is given Thus, if a stimulus to the ear 
releases a twitch of the pinna arid also leads to palpebral closing, 
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two responses are lecordcd This tabic further presents tiic pcrccnt- 
ape of the total number of icsponscs actually released at each of 
the three age gioups by each of the temperatures used A bar graph 
showing these pcicentages is presented as Figure 1 This table and 
graph thus show the lelative effectiveness of the specific temperatuics 
used as stimuli at each of the thee peuods studied It docs not 
directly show the different sensitivities of the receptors at the levels 
of the three age groups 

Table 3 shows a summaiy of tjie total number of responses possible 
as released by once stimulating each receptor aica studied at each 
temperature used This tabic also gives the responses actually 
elicited bv stimulating these areas with the special stimuli as noted 
In this table, no matter how complex a response might be, it is 
merely recorded as one TJuis, to use the same illustration given 
above, and to illustrate the diffciencc in recording for Tables 1 
and 2, if stimulation of the ear releases a twitcli of the pinna and 
palpebral closing, one response only is recorded, that is, the cutane^ 
ous aiea of the ear is here capable of eliciting some response or 
no response, and only that fact is recorded in Table 3 The total 
number of possible responses can be determined using this method 
of counting at each of the three periods and at each temperature. 
This figure is given m the table as is also the percentage of such 
responses actually elicited at each of the age groups In general, 
this table may be taken to show one index of the change in tcmpci.^- 
ture sensitivity which occurs with increasing gestation age 

Table 4 gives one aspect of the character of the responses elicited 

TABLE 4 

Specific Rcaponsea General Responses 


Gioup 

No 

% of Total 

No 

% of Total Total Responses 

Young 

Mid 

153 

54,64 

127 

45 36 

280 

345 

62 96 

203 

37 04 

548 

Old 

209 

58 22 

ISO 

41 78 

359 

by all temperatures 

at each of the 

age 

groups 

From the protocols 

the authois 

decided 

Wihethcr, in 

their 

opinion, 

each recorded re- 


sponse was to be classified as specific or general For this purpose, 
the term “specific^ was used to characterize a reflex-hke response 
which is limited in area to what may be roughly called a single 
response system and oidinarilv involving the structure stimulated 
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or some neai-by structure The term ‘'general/’ on t;he other hanfl, 

IS used to characterize a response which involves more than a single 
response system, as defined above. Tims, drops of liquid on the 
vibiissac winch arc followed by a twitch of the muscles of tlie 
vibiissac only is called specific, but similar stimulation followed not 
only by a twitch of the vibussae but also by a twitch of the ear 
musciilatuie would be defined as general The total number of 
geneial and specific lesponses lecoided at each age group and the 
percentage at each age group are given in this table 
Table 5 shows the relative s.cnsitivity of the vibnssae area, the 
car, the shoulder, the rump, the forc>paw, and the hind-paw through¬ 
out the total fetal period studied as demonstrated by all temperature- 
released stimuli This table was made by consider mg responses m 
the same way in which they were defined in constiucting Table 3. 
It will be noted that the data of this table do not refute the so- 
called law of cephalo-caudal development or that of proximal-dist<il 
development, but, on the other hand, tjhc results do not give any 
sti iking coiifiimatlon of these generalizations 

IV, Conclusions 

The facts presented in the tables and discussion just given, as well 
as other facts not so fully presented, but available in the written 
protocols of the experiment which cannot be given here, make possi¬ 
ble the following tentative statements concerning the development 
of temperature sensitivity in the fetal gumea-pig. Tliese statements 
must be taken as tentative because the senes of fetuses used, al¬ 
though representative, was not laige enough to justify complete as- 
surance in regard to t^he generality of the phenomena desciibed. 

(1) Temperature stimuli, as defined in this paper, are effec¬ 
tive in releasing responses during most of the motile fetal peiiod 
of the gumea-pig, 

(2) At each of three fetal development periods, as these periods 
were established for the purposes of this study—^young, mid, and old 
—the greater the difference between tjhe tempeiatuie of the stimulus 
and the physiological zero of the organism, the greater the relative 
numbci of responses released by that stimulus. 

(3) . At the youngest ages studied, there appears to be a slight 
tendency for cold stimuli to be relatively more effective t;lian warm 
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stimuli if certain assumptions of equality are made conceining units 
of measuiemcnt, 

(4) . During the “young*' peiiod of fetal life, as defined above, 
there appeals to be development of tempciatuie sensitivity Sensh 
tivitv IS greater, that is, m the mid period studied than m the initial 
pciiod There is no corresponding increase during the other periods 
studied. In the last period, the growth of the insulating hair coat 
unquestionably modifies the eftectiveness of the stimuli as applied iii 
this investigation 

(5) . There is no gieat change m the peiccntage of specific and 
general responses released by the stimuli used at any of the three 
periods studied, nor does t^he effective intensity of stimulation (as 
measured by the greater degree of difference fiom piiysiological 2 jero) 
change in a definite manner as development progresses in its efficacy 
in releasing either general or specific icsponses There is a slight 
preponder«ance of specific over general lesponses, as these two words 
are defined m this paper in each period, but this finding can hardly 
be considered as statistically significant. 

(6) There is some shift in the relative sensitivity of the six 
areas stimulated during fetal development These data mav he 
considered as suppoiting the generalization made by previous in¬ 
vestigates that the development of sensitivity spreads from the 
cephalic to the caudal legions of the body and from the pioximal to 
the distal regions of limbs 
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SERIAL learning II THE UI-DIRECTIONAL GOAL 

gradient in the endless maze* 


UmvosUy of Colot ado 


Karl F Muenzingfr, Claude C Dove, and 

ArtIIUR H BliRNSrONH 


Employing a new type of maze, the expenment iicic icported 
picscnts evidence to show that the goal guidient is bi-chiection.d 
I '« ^ suggested hv Thorndike’s fiindiuueiital discovery 

tli.it the sticngi^hcning influence of a lewaid spie.ids to influeiKc 
positively not only the connection which it diicctly follows and to 
winch It may be said to belong, but also any connections which 
aie neai enough to it” (14, p, 3) It otcui.ed to us that the go.il 
giadient might be a special case of the '‘Thoitidikc effect," as we 
have called this phenomenon (10), th.it the form in winch it is 
usually obseived, namely .as a giadient of ciiois mcieasmg from 
the goal bacfcwaids, might be only onc-lialf of the influence of the 
goal, and (jhat if only a suitable method were used an additional 
forward effect might be dcmonstiated 

We therefoie devised an "endless maze” which peimits the ani¬ 
mal to go from go.al to go.il without interruption, thus making it 
possible foi the goal iespouse to "spic.id its effect,” to use the 
riioindikian teiminology, both foiwaids and bnckw.iicls 

In die oithodox tn.aze an animal is placed in the staiting com- 
paitment and then peiniitted to find the goal. Aftci having leached 
the goal It IS moved b.ick to the staiting point by the experimenter 
01 some mechanical device TJiis method inteiposes .i sp.itial as well 
as a tempoial hieak between tlic .achievement of the go.il and the 
icsumption of the maze learning activity, here the anim.il runs 
from umt to tfoal, where "stait” means .a i.idic.al change In activity 
In the situation to be piesentcd the animal mns through the maze 
.is usual But aftei the goal li,is been icached and the food eaten, 
the running thioiigh the maze is resumed without interruption, 
hcic the animal may be said to lun fiom goal to goal 
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there had iicvei been any food Tins constituted the starting com- 
I^aitincnt The door leading out fiom the next food box was 
blocked A rat, aftei having been placed into the starting box, ran 
through the maz.e and had to be lifted out of the goal box He was 
then jcturiied to the home cage and given anothci tiial the next 
dav. Tlius a lat in this gioiip was given one trial per day foi 24 
davs 

In ordei to eliminate any possible effect of the paiticulai pattern 
of collect or unlocked doois used in a maze, six difteient patterns 
were employed as follows 

1 — 3 — 1 4 — 2 

2 — 1 — 3 — 2 — 4 

3 — 4 — 2 — 3 — 1 

4 — 2 — 4 — 1 — 3 

4 — 2 — 3 — 1 2 

2 — 4 — 1 — 3 — 1 

By a pattern designated like the fiist one we mean that the coirect 
dooi in the first choice compaitmcnt was the first from tlie left m 
the direction of tiavel, and in the following compaitments the 
third, the first, the fouith and the second respectively Tlie same 
numbci of animals in each gioup learned a paiticulai pattern 
Each of the fiist five patterns was learned by five animals, and the 
last pattern bv two animals in each gioup 
The 54 rats, of Wistai stiain, were about 90 days old at the 
beginning of the experiment They were fed for one half hour on 
a balanced diet aftei the completion of the day's task 

Results 


A, Gioul> Tendencies The 

criois 

made at 

each 

one of 

five choice points are as 

follows ‘ 

Foi the goal-to-goal 

gioup* 

on choice points 

I 

II 

III 

IV 

V 

total errors 

543 

668 

790 

773 

534 

average per lat. 

201 

24 7 

29 3 

28 6 

19 S 

For the start-to-goal 

gioup 





totnl errors 

759 

716 

690 

701 

466 

average per rat* 

28 1 

26 5 

25 5 

26 0 

17 3 
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In this compilation scvcial criois at one clooi in any one trial arc 
counted as one erioi In the lecoid of the goal'to-goal gioup tlie 
cirois made in the four identical mazes of the apparatus arc added 
togcthci, that \s, they are treated as if they had all been made in 
one maze* The lesults arc also picseiited giapliically in Figure 2 



FIGURE 2 
Error Gradients 

The solid dots repieseiit the recoid made by the goabto-goal group, the 
open Glides that of the start-to-goal group 

The difference between the two gioups is stiikmg The con¬ 
trol, or stait-to-goal, group piesents the usual picture in maze 
learning by animals The gicatcst number of eirors is made near 
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the starting point and tlie smallest near the goal. This is the oitho' 
doY backward elimination of errors The bieak in the giadient be¬ 
tween points III and IV may be due to the patterns used oi to 
other factors; in any case it docs not altei the geneial gradient. 
(Note also the high numbei of enors on point IV in the other 
group One is reminded here of the foiwaid displacement of the 
point of maximum repetitions in the learning of rote sciics by hu¬ 
man subjects ) 

On the other hand, the goal-to-goal group shows a foiward-back¬ 
ward elimination of errors It has a low number of enors not only 
at point V just preceding the goal, as one would expect, but also 
on point I, the point mmediaiely following the goal One might speak 
here of two gradients one picccding and one following the goal 
Wc piefei to considci these two error gradients as belonging to 
gether as the manifestation of a single “bi-diicctional” goal gradient 
In this phrase the term "bi-diicctional” is to indicate that the slopes 
of the gradient before and after the point of reference have opposite 
signs.^ 

In comparing the two gioups one should also note that their 
records in the last part of tlie maze run parallel, and that the record 
of the start-to-goal group is lower than that of the other gioup as 
one would expect in the case of distributed as compai ed with massed 
practice Howevei, m the first part of the maze the start-to-goal 
group, despite its distributed practice, starts with a much higher 
number of errors than the goal-to-goal group The respective avei- 
ages aie 28 1 and 20 1 cirors per rat, the difference between these 
averages is 4 1 times its standaid deviation 

E Conmiency zuitjnn the gtoups The individual differences 
between the rats in each gioup may be expressed in teims of the 
percentages of the individuals that conform to the general tendencies 
levealed by the total enors or averages, The average deviations of 
the averages foi each choice point would not be significant in re¬ 
vealing the consistency we desire to know because they would not 
indicate the error gradients of the individual rats The following 
summary contains the percentages of rats that show an increase or 

^Notc thnt the curve in Figure 2, representing the goal-to-goal group, is in 
striking agreement with a cuive of error gradients which Hunter suggested 
on the basis of the phenomena of backward and forward conditioning (6^ 
p 306, Figure 3) It may be said that Hunter’s theoretical analysis pre¬ 
dicted our experimental results 
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decrease of errois from point I to the average of points II and III, 
and fiom the average of points III and IV to point V. That is, a 
lats eirors on point I was compared with the average of its cirors 
on the next two points^ and its average of points III and IV with its 
errors on point V 


From point I to 


goal'to-goa! 

group 


( inciease 
T decre«ise 
{ same 


stnrt-to-goni ( 
gioup 1 decrease 

t same 


815% 

1*5% 

0 

33 3% 
591 % 
7 \% 


( 22 ) 

(5) 

(9) 

(IC) 

( 2 ) 


and from 



11/1% (3) 

815% (22) 
7.4% (2) 

14,8% (4) 

852% (23) 
0 


to V. 


The numbcis of animals are given in parentheses The pci- 
centages in accoid with the group tendencies aic in italics. In the 
goaFto-goal group there is a high consistency as between individuals 
In 81 5 per cent of the rats theie is an increase of cirors at the 
beginning of the maze, and in a similar percentage there is a de¬ 
crease towards the end of the maze The animals of the stait-to- 
goal group are just as consistent towards the end of the maze, but 
at the beginning thev are less so; 85*3 per cent of this group have 
a decrease of^ errors at the end, and only 59 3 per cent at the be¬ 
ginning This 1 eduction m conslste^c^'' miglit pci haps be expected 
with an increased distance from the goal 

To summarize the results* The erroi cuivc of the goal-to-goal 
group shows a forvvaHl-baclcwaid elimination of eriors, while tliat 
of the start-to-goal group shows a backward elimination only In¬ 
dividual differences were small with one exception, immediately 
after the stait in the latter group 


Discussion 

It is not oui intention to leview heic the liteiatiiic on the goal 
gradient We shall meiely discuss a possible explanation of the 
forwaid-bacicwaid eliiiiination of eiiors in the goal-to-goal situ¬ 
ation 

Before doing so we should like to point out that oiii results sup- 
poit the claim of many writers that m the orthodox method of 
maze learning by animals there is a tendency to eliminate errors in 
a backward ordei fiom the goal We also agree with Waslibuin 
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(16, p. 311), Spence (13), Bud ( 1 ) and otlicis that many othci 
factois arc present in maze luiming which may mask or obscure 
this backwaid learning In our own maze a distiiibing factor 
seems to he the existence of four doors and five choice points necessi¬ 
tating the lepctition of a door m the pattern of coirect doors 
A goal gtadiciit h^pothem The question we must ask 

hcic is: Is Hull’s explanation of the um-directional goal gradient 
(backward learning) applicable to the bi-diiectional goal giadiciU 
(forward-backward learning) in maze leaimiig by animals^ Hull’s 
hypotlicsis (4) has a twofold basis. Fust, it is assumed that the 
excitatory tendencies for maze responses with the goal drive as then 
\)eisisting stimulus decrease with theii distance fiom the goal so that 
at a point of choice the excitatoiy tendency to take the right turn 
Ls stiongcr than the one to enter the blind alley. Second, there is 
expelimental evidence to show (17) that the disci imination between 
two distances to the goal is subject to Weber’s law From these 
two premises it follows that at a choice point neaiei the goal tlie 
disci imination between two excitatory tendencies (to take the light 
turn or enter a blind alley) is made more readily t'Jian at a point 
farthci away, thus lesulting in the backward elimination of errors. 

This ingenious explanation fits the facts of the start-to-goal situ¬ 
ation whcic we have a drive to the goal and a backward elimination 
of errors It docs not fit the facts of the goal-to-goal situation where 
we get a foiward-backward elimination of errors although we must 
assume the same goal diive to c^ist It ib because Hull’s hypothesis 
rests on a goal-directed drive that it is inadequate to account for 
the bi-diicetional goal gradient If in the goal-to-goal situation a 
goal-directed drive is picsent as the persisting stimulus for maze 
responses and if the animal discriminates distances according to 
Webcr*s law then we should get a backward elimination of eriois 
even m the first part of the maze, a deduction contrary to our 
expelinicntal results. This raises the further question of tlic valid¬ 
ity of this hypothesis even as rcgaids the uni-directional goal grad¬ 
ient 

Hull himself, it should be pointed out, suggests the possibility 
of a bi-directional gradient (4, p, 39), but he does not indicate how 
It may be generated, unless he intends his entuely distinct hypo¬ 
thesis regarding the learning of rote series (5) to serve this pur¬ 
pose We would then, have one hypothesis accounting for the back- 



K F. MUENZINGER, C. C, DOVI<, AND A H DLRNSIONF 237 


wnid elimination of enois and another one for the foiward-back- 
waid elimination, which would be an unsatisfactory state of aftnirs 

Miss Washburn who was the first to sugf^cst an explanation of 
the backwaid elimination of ciiors by means of a “gradient of ex¬ 
citation” based on a goal-directed diive, explicitly states that “it 
IS the putting of an end to the diivc” at the goal that makes the 
mechanism possible “The piocess goes thus backwaid lathci than 
forwaid, setting in icndmcss the last niovenicnts of the maze rather 
than the movements made by the lat just after it had finished eat¬ 
ing” (16, p 378), 

These explicit statements definitely lulc out the possibility of a 
foiward elimination of ciiois in the first part of the maze in the 
goal-to-goal situation Foi whenever we have a drive in one di- 
lection, a goal, and the disci immation of distances to the goal ac- 
coiding to Webei^s law, the elimination of eirois must piocccil in 
the opposite d licet ion. 

It would seem then that the goal gradient hypothesis as developed 
by these writers is inadequate to account foi the foiward-backward 
elimination of eriors, unless it is extended so as to assume a gradient 
of excitation that glows weakei in a diicction forward from the 
goal as well as backwaid, That such a giadicnt exists is indicated 
by the Thoindike effect. 

B The god gradtent as a special case of the Thorndike effect 
Thoindike has deinonstiated cxpeiimentally (14) that in serial 
learning wheie a successful lesponse is preceded and succeeded hv 
unsuccessful ones, not only is the tendency to lepeat the successful 
1 espouse strengthened but also the tendency to lepcat the unsuccess 
ful ones; and this sticngthening ot the contiguous connections dimin¬ 
ishes w'lth the distance from the successful one both forward and 
backward 

It seems to us that the forwaid-bcickwaid learning in the goal-to- 
goal situation IS a special case of the Thoindike elfcet, Thcic is 
moie Iieie than a supeificial lesemblancc between the cnoi curve 
shown in Figure 2 and a giaph representing the lepetitions of wtong 
responses contiguous to a right one in Thorndikc*s experiment (14, 
p 55) In an analysis made by one of the authois (Dove, 2) it was 
found that the unifoimity with which the same error occurs at 
the same choice point in two successive trnals of the gonl-to-goal 
group IS higher near the goals than midway between them. We 



238 


70 URNAL or GENE'IIC PSYCHOLOGY 


have here a special pioof that the Thorndike effect occurs m maze 
running by rats just as it does m sciial learning by human subjects 
In aur attempt to account lor the bi-diYcctional goal grathent 
in the endless maze vvitli white lats as subjects we may theiefore 
assume as oui first premise that tlie excitatory tendencies for maze 
responses decieasc forwaid as well as backward from a goal, where 
the supremely successful icsponsc occuis (Thoindike effect) 

As a second premise we assume that any variation in the excitatory 
tendencies in a choice situation affects such a situation as a unit 
Our basis for this assumption is an experiment m which shock for 
the right lesponse accelerated leaiiung a black-white discrimination 
as much as the usual shock for the wrong lesponse We concluded 
at that time that such an effect could not be expressed in terms of 
single rcs-ponses but only m terms of the choice situation as a 
whole (9, p 274) If we now legaid each choice compaitnient in 
the endless maze as a unit, any factor affecting the rate of learning 
m any part of tlie maze should affect each choice situation as a unit 
As a third premise wc assume that an increase in the excitatory 
tendencies ni a choice situation is accompanied by an increase m the 
sensitivity of the cues to be discriminated Increase in such sensi¬ 
tivity icads to an acceleration of learning (9) 

From these three piemises it would follow that learning immedi¬ 
ately before and aftei n goal takes place at a greater rate than mid¬ 
way between two goals 

This account of a bi-directional goal gradient does not explain 
the Tliorndikc effect itself. Whether or not such an explanation 
can be given in teinas of forward and backward conditioning, some¬ 
what along impoitant analysis, wc hope to discviss at some 

future occasion 

As to the natuie of the goal lesponsc, especially as regards Thoin- 
dike*s insistence on its satisfying aspect, it is interesting to speculate 
whether or not the mere picsence of food in the starting compartment 
of an old type maze would impait goal properties to the start, that 
IS, create a forward elimination of errors in the first part of the 
maze. 

C The Bj-dtreciwnal /^oal gradient tn human learning We 
cannot conclude without emphasizing the discrepancy between hu¬ 
man and animal leainmg In human learning of rote senes (3, 
p, 624, 11) and mazes (15) forward-backward elimination of errors 
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IS the rule Expcumcnts conducted in oiii laboratory (8) have 
shown that massed and distributed practice in human maze learn¬ 
ing does not produce results compaiable to the diffcicnce between 
the goal-to-goal and start-to-goal sitii.ations in animal learning as 
we had expected, both methods of practice with human subjects 
produced forwaul-backwaid elimination of errors Further analy¬ 
sis showed that the chief reason for such an error curve was sym¬ 
bolic behavior Responses at the stait and end of the maze were 
verbally fixed at the beginning of training, other icsponscs were 
added during succeeding trials so that finally the ccntci was ap¬ 
proached from both ends Here then wc have a factor jn human 
learning which simiilAtes the manifestation of the Thorndike effect 
in the goal-to-goal situation in animal leaining* On the other 
hand, the Thoindike effect can be demonstiatcd vciv readilv in 
human learning as occurring indcpendentlv of verbalization Wc 
therefoie suggest that the Thorndike effect is one of the fundamental 
piincjplcs of animal and human learning and that masking factors 
may m either case obscure its manifestations 

Summary 

Two gioups of rats, hunger-food motivated, were given the same 
number of maze tuals but under diffcicnt conditions 

The experimental or goal-to-goal group was given 24 tiials on 
one day by means of the endless maze This appaiatus consisted 
of four identical mazes arranged as the sides of a squaie with the 
food boxes at the four comers As an animal left a food box it 
went directly into the next maze. Each food box was baited again 
as soon as an animal had left it. By going aiound the square six 
times a rat got the equivalence of 24 trials in the same maze pat¬ 
tern The record made by this group showed a foiward-backwaid 
elimination of eirois, that is, the first and last coircct choices were 
learned before the middle ones 

The contiol or stait-to-goal group was given one tiial per day 
for 24 days in one of the mazes The record made by this group 
showed the typical backw.iid elimination of errois. 

other factors may be present in the case of incidental learning 
reported by Lepley (7) Here a daily roll call in a large college class 
produced a gradient of decreasing correctness of names of classmates bolh 
forward and backwaid from a particular sliidentN own name 
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It IS maintained that the forwai d-back\vaid elimination of eirors 
m the goahto'^^oal situation is a manifestation of the complete goal 
gradient, which Is bi-diicctional in its fundamental form The 
backward elimination of eirors ii\ the stait-to-goal situation is a 
manifestation of only the first half of the gradient, the othei half 
IS absent because the expciimental method mteiposcs a radical bieak 
in activity between the goal response and the next maze response 

Hu IPs goal glad lent hypothesis, which was foimulatcd with a 
uni-diiectional giadient in view, does not seem adequate to account 
foi the bi-diicctional goal giadicnt This foim of the gradient is 
consideied. to be a special case of the Thoindike effect. 

A hypothesis is roughly outlined to account for the bi-diiectlonal 
goal giadient 

Conflicting expeiimental material fiom human Icaining is ex¬ 
plained as the effect of masking factois 
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HOW RATS LEARN THE SIMPLE ALTERNATION 
PROBLEM IN A TEMPORAL WATER MAZE^ 

Ohio Slaie IJm-vemiy 


Sol Evans 


Statcment of trf Probli m 

In the spatial itirzc the white lat readily learns a simple altcination 
scries of almost any length (A spatial maze is an ordinaly bidi' 
mcnsional maze in which the subject is not requited to icpcat any 
of tlic various paits of the maze pathway, and it is therefore a maze 
in which the subject is required to make only one kind of turn— 
eithci right oi left—at each choice point) Furthermore, Hunter 
(13) has shown that the rat somewhat easily lent ns a rather long 
series of simple alternation turns in a spatial maze which has many 
of Its spatial chaiactensiics largely masked a tndunensioiial maze 
Moieover, Carr (1) and Hunter (14) have shown that the rat, 
with considerable difficulty, Icains a simple alternation scries {tl and 
Ir) in spatial complexes which have many of the characteristics of 
the iempoial maze (A temporal maze, Figure 1, is one in wlilch 
the subject is icquiied to lepeat some or all of the parts of the maze 
pathway in new combinations, it is thcicfore a maze in which the 
subject IS icquired to tinn in one diicction upon aniving at the choice 
point the (list time, and in the opposite direction upon arriving at the 
choice point the second oi some subsequent time ) Finally, Hunter 
(12) found one rat who mastcied a simple alteination series in a 
iempoial maze Six of the seven lats used by Hunter in this test 
failed to attain niasteiy The series used was a long one hbhlih 
The rats were given fiom 18 to 65 tiials each All of the rats became 
oriented towaid the nght. 

The success of this one rat on a long senes of simple altcination 
tuins m the teiiipoial maze suggested to the writci that perhaps 
most lats might be able to learn the shortest t 5 q)c of simple alterna¬ 
tion seiies, namely, // or /i , and the fact that all of Hunters rats 
soon became oriented toward the goal suggested that the simple alter- 

'•^Received in the Editorial Ofhee on Octoliei 17, 1936 
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nation problem might piovidc a somewhat persistent blind alley 
response, the evolutionalv stages iii the elimination of winch might 
become manifest as a function of piacticc The simple alternation 
pioblem was chosen foi investigation because it gave piomise of pio- 
viding a somCMdiat persistent cuoi which the rat, with piactice, 
might finally eliminate 

Huntci (12) invented the tempoial maze This maze may he 
ubed foi a great variety of pioblems* simple altcination (? / oi h), 
double altcination {ftll or Ihj), etc , and all combtimiions of these 
pioblcnis or of then vaiioiis paits Using the temporal maze, Hunter 
(12, 13, 14) has made a nunibci of excellent studies of the progiess 
made by white lats on the double alternation pioblem Hun ter 
main nUcicst, howevei, seems to have been that of testing foi the 
picscncc of symbolic processes He was, thciefoie, mteiested in 
finding out whcthei oi not the r.it can establish the responses re^ 
qiiircd by the double alternation pioblem, and not in discoveiing the 
evolutional y stages in which a blind alley response becomes a coirect 
response 

The problem of this investigation was to discovei hoiv the wliite lat 
leal ns the simple altcination pioblem in the tempoial maze To do 
this it IS necessaiv to (a) find out how the blind alley response be¬ 
comes established, (b) trace the stages bv which this blind alley 
response is eliminated, and (c) discover how the coiicct lesponse 
becomes fixed The second aspect of the pioblem, that of eliminat¬ 
ing the blind alley lesponsc, dcseives special attention Difficulty in 
eliminating the cul-de-sac prevents an eailv solution of the problem 
Thioughout piactically tlie whole learning series cul-de-sac elimina¬ 
tion IS ihe problem of the tempoial maze test, 

Thf Maze 

Hunter’s temporal maze was used in a pieliniinaiy test, but such 
gieat difficulty was expeiienccd in getting the rat to complete a tual 
in any icasonable length of time in the initial trials that a change of 
technique became imperative Hunter (12, 13, 14) fed his rats 
after each completed i espouse, and was thus able to keep them faiily 
active, and moving in directions somewhat conducive to a solution 
of the problem The writer, however, clesiicd to avoid feeding 
during the trial, hoping thus to avoid points of emphasis in the maze 
so that the perfoiniance might be of a more unitary natuie with 
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respect to the final goal oi exit at the end of each tiiah A means was 
tlierefoie sought wheieby the rat could be kept active witliout rcsoitmg 
to feeding during the trial The tests conducted by Rucli (18)» Mac- 
farlane (16), MacGilliviay and Stone (17), Wcvei (19), Hack 
(7), and Dunn (3) in which the lat was forced to srMm, suggested 
the use of water in the temporal maze Accordingly, a tempoial water 
maze was introduced for tiial and then used throughout the experi¬ 
ment 

Foi a numbei of reasons it now seems most fortunate tliat this 
decision was made First, the use of watei kept the rat active, and 



A TrMPORAi Waiir Maze 

In the simple alternation problem (rl) the .immal staits at O, and is 
required to li averse the length of central alley f, turn riKht, follow the di¬ 
rection indicated by the numerals 2, J, and pass through door S (opened 
at the appropriate moment) back to 0, then traverse central alley f again, 
but this time tuin left, follow the direction indicated by the numerals 5, 6j7j 
thioiigh door T (also opened at the appiopnatc moment) to O for the 
thud time, from which position it is allowed to escape by way of a ladder 
which is loweied just as it arrives 
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tlius> 111 most cases, jiisuieJ the completion of a timl within a jcabon- 
able length of time. Secondly, the watei seems to have been the factor 
which bI ought about the veiy decisive orientation of tlie lats toward 
the goal in the eaily trials of the experiment, thus piovulmg an oppor* 
tiinity foi studying the mannei in which peisistent eriors aie elim¬ 
inated, I e., how blind alleys aie shunted out And finally, by grcatl> 
eliminating ineitia, the use of watei piovided an oppoitunity foi the 
ajipeaiancc, and theiefoic, foi the study of many types of hesitation 
responses^ which do not become explicit when the lat is wallcmg on a 
(looi 

Tlic maze (Figme 1) consisted of a heavy galvanized non tank 
(24*'x48'’) in which two galvanized iion boxes, L and iJ, wcie phaced 
as indicated. The two doois, T and S, wcic hinged to one end of the 
tank as shown in the figuie The maze pathway indicated by the 
iiumcialb 0, 1,2, 3, 4, 5, 6, and 7 is inches wide The watei in 
the ma/e was maintnincd at a depth of 6 inches, except in the control 
tests, and at loom tcnipcratine about 20** C The watei was nevei 
all removed at one time (except in the contio) tests) A laige pail 
of water was removed each dflV ami a slightly gicRtev amount added 
to keep the watei cleai and to maintain the level in the maze The 
tank was supported by a metal fiamc 36 inches high The maze was 
located in a “daik room*' in the middle of the flooi and was illiimi- 
nated fioin the centci of the ceiling bv a 150-watt light piovidcd 
wnth an opaque globe The maze was scpainted from the expen- 
men ter by a heavy black canvas sciecii, 6\8'. 

The Rvts 

Foul teen white lats 40 da 3 ^ old weie used in this expeiiinent 
There wcie 6 males and 8 females. Between trials tlie lats weie 
kept m cages in a well-lighted laboiatoiy adjoining the lOom in which 
the cxpeiuncnt was conducted The lats weie fed on a diet of dog 
biscuit and vaiious kinds of giccn niateilal Picsh watei was avail¬ 
able for them at all tunes 

Method 

The EApeumetital Ptotcdjite, The expeiiinentei staitcd each tiial 
by 1 caching through a flap in the scieen and placing the lat n\ Section 
Oj the maze doois T and 5 being in the portion indicated in Figuie 1 
Through a window in the sciecn he ob'^eived the lat travel sing the 
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maze, and by means of handles which piojectcd thioii|i[h the scieen 
he opciatcd the doois to comply with the conditions of the piohlcm 
In the icgulai tiials each lat was given two trials daily, six days pci 
week, one in the inoining and one in the afternoon, Escape fiom 
watei was the incentive used As soon as a tml was finished, the 
rat was ictuined in a caritei to his living cage 

In the simple alternation pioblcm (?/) the lat started at the posi¬ 
tion O (Figure 1) and was required to travcisc ceiitnd allev /, 
turn to the light, follow the diicctioii uuhcrUcd by the niimeials 2, 3, 
and 4^ and pass through dooi S (which was opened at the appiopiiatc 
moment) back to 0, then travcisc the central alley again, but this 
time tuin to the left, follow the dncction indicated by 5, d, and 7, 
through dooi T (also opened at the propci moment) back to O, from 
which positton he was allowed to escape from the water by wiu^ of a 
laddei wluch was loweied just as he arrived 

Using the numerals 0, 1, 2, 3, 4, 5, 6, and 7 (which dcslgntite the 
various sections ot the maze), the path followed by each rat on each 
trial was lecoidcd Protocols were also Inade of the many types of 
behavior that appeared fiom time to time hesitation, anticipation, re¬ 
tardation, letiacing, etc 

The time of each tiial was taken by means of a stop watch 

The criterion of mastery was thiee consecutive correct trials 

The Use of Tenus A number of terms were aihitiarily defined 
for use m this expeiimcnt 

A ^'right turn” {R) consists in canying the head, shouklcis, and 
fore-feet from the choice point, on any choice of a trial, into 4 >cction 
2 (Figiiie 1) 

A ‘ieft turn” (L) is sinmlaily defined, with section 3 substituted 
for section 2 

A “correct turn” is a light tiiin when the choice requires a turn 
to the light, and «i left tuin \\\\cn the choice rcqiiiies a turn to the 
left To he a “coiiect turn” the icsponse in question need not be 
completed correctly 

An “error* consists iii carrying the head, shoulders, and fore-feet 
into a cul-de-sac 

A “collect trial” is one in which the rat follows the requiicd pat- 
tein without making any eiror Retiacing in the required path does 
not constitute an ei ror 

A “response” on any choice of a tiial comprises the behavior sc- 
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qucncc inteivcning between the choice in question and the next choice 
01 the end of the ti lal 

A *^coriect response’* is a response m which theie is no error. 

Results 

The Establishment of Blind Alley Responses (on Choice 1), 
Fourteen lats weie given two trials daily for 100 da 5 ^s m the temporal 
water ma^c shown in Figuie 1. On the fiist two trials most of the 
rats had not yet become oiietited towaid the goal but turned right as 
often as left on both choices of the simple alternation problem How¬ 
ever, after the second tual, most of the animals became decidedly 
oriented towaid the left side of the maze, and so tuined left on both 
choices of the problem for many consecutive trials thereafter All 
of tlic animals became oilcnted to the left after the 8th trial This 
direction tendency was so great that all of the rat's, after orientation, 
made ten or more consecutive tiials in which they turned to the left 
on both choices Half of the animals continued this left-turning habit 
uninterruptedly for moie than 50 consecutive trials Table 1 sliows 

TABLE 1 

Trials Required for Oripntation to the Left on Both Choices of the 
Simple Ai fernation Problem 


Rat 

Trials to Odent Left 

Total Correct 

1 

2 

1 

2 

5 

3 

3 

0 

0 

4 

1 

0 

6 

4 

1 

7 

4 

3 

8 

4 

4 

9 

2 

1 

to 

2 

2 

11 

2 

0 

12 

5 

2 

13 

2 

1 

14 

2 

0 

15 

8 

1 

Median 

2 

1 


tlie numhrr of trials lequiied by each lat to develop this direction 
habit (ue., to entirely discontinue turning to the right) on both choices 
of the problem The median number of trials required for complete 
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oiientation was 2, with a laiigc of fiom 0 to 8 The gicai peisistcncc 
of this left-turning hahit was one of the mobt stnking featines of the 
behavior of the animals m this cxpeiiment 

Each of the rats, after turning left on Choice 1 and traversing 
the blind alley to Section 7, would persist in its attacks on tiie closed 
door, often for minutes a.1 a time, then it would turn and swim into 
Compartment 6, 5, or I, only to return again iniincJiateh to Section 
7 These entiles into Section 7, and the many re-cntiics tlicrcto 
fiom the othei sections of the blind alley and fiom Section 1, on tiic 
first choice of the simple altci nation pioblcm (;0i cliai actons tic 
of the early trials of the experiment, Re-entering the blind alley on 
Choice 1 of each trial continued for fiom 20 to 50 trials 
The Elt7fiiitahQ?i of Blind Alley Responses 

1. Elimi7uitio7i of Re-entries Between the 20th and SOtli trials the 
rats discontinued le-cnteriiig Compaitment 7 on Choice 1, but con¬ 
tinued to enter it once This means that each of the rats turned left 
and entered Section 7 on Choice 1 in each trial, but did not continue 
to turn back and le-entci this section fiom Section 6 or 5 on their way 
out of the blind alley, also they discontinued returning to Section 
1, and from there re-entering Section 7 

It thus occuiied that after return trips Into Section 7 wcie dis¬ 
continued on Choice 1, all rats continued to tuin left once on each of 


TABLE 2 

TrTAIS RcOUIRCD ro MaSTPR TUC SiMPIE AlThRNATlON PROni FM (makf 
THREE CONSLCUTIVE CORRECT ROMs) IN A T CM FOR At WaII-R MAZI 


Rat 

Before lat Correct 
Trial 

T^i inls 

Before Mastery Correct Before Mastery 

1 

47 

159 

15 

2 

r>2 

135 

17 

3 

66 

143 

7 

4 

20 

36 

5 

6 

91 

160 

4 

7 

30 

75 

6 

8 

100 

173 

14 

9 

93 



10 

12 

168 

IS 

U 

44 

127 

5 

12 

39 

39 

2 

13 

58 

78 

8 

H 

47 

93 

9 

15 

75 


8 

Merlinn 

52 5 

131 
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the two choices of cdch simple alternation tiial So the patli followed 
bv each animiil became 0, 1, 5, 6, 7, 6, 5, 2, 3, 4, 0, 1, 5, 6, 7 (Figure 
1) This t3^pc of icsponse senes continued foi many tiials with all 
rats. Table 2 (cohimn 1) gives the number of trials lequircd by 
each rat befoie he succeeded m inhibiting the left tuiii on Clioicc 1 
for the first time, and thus in eftecting his first correct run. It will 
be seen that half of the lats who learned the problem required more 
than 50 trials to achieve a single conect tiial The lange \vf\s from 
12 to 100 trials Foi all lats except 12, this type of iespouse series 
continued in great picdominance until masteiv was acliicved Rat 
12 achieved mastciy at the time of attaining his fiist conect trial but 
fell back into the habit of turning left on Choice 1 immediately 
thereafter and continued in tins habit to the end of his trial series, 
Rats 9 and 15 failed to mastei the piohlem in the 200 tiials and this 
type of scries continued 

2. The Elumnation of a Peisistevt Blwd-Alley Respovse Since 
the left turn on Choice 1 was incoirect, and the left turn on Choice 
2 was correct, this left-tuimng habit gave each of the rats a low score 
on Clioicc 1 and a veiy higli scoie on Choice 2 on the trials before 
mastery was attained. The left main column of Table 3 will help 


TABLE 3 

Pfr. Cent or Rcsponsls Before and After Masters on Choices 1 and 2 or 
THF Simpie Aiternation Probievi in a Temporal Water Maze 


Rnt 

'I nnls 

Before Mastei y 

Choices 

1 2 

% % 

Aftei Mastciy 

Choices 

1 2 
Trials % % 

1 

159 

101 

99 4 

41 

73 2 

100 0 

2 

135 

126 

99 3 

65 

86 2 

100 0 

3 

H3 

49 

99 3 

57 

82 5 

100 0 

4- 

36 

166 

94.4 

164 

78 7 

100 0 

G 

160 

25 

99 4 

40 

62 5 

100 0 

7 

75 

80 

100 0 

125 

34 4 

100 0 

S 

173 

8 1 

100 0 

27 

81 S 

100 0 

9 

200 

3 5 

99 5 




10 

168 

8 9 

99 4 

32 

75 0 

100 0 

n 

127 

5 5 

98 4 

73 

11 0 

100 0 

12 

39 

5 1 

97 4 

61 

49 

100.0 

n 

78 

11 6 

96 2 

122 

32 8 

100 0 

14 

93 

11 8 

96 8 

107 

73 8 

100 0 

15 

200 

65 

98 0 




NreJiJin 

131 

8 5 

99 3 

63 

73 5 

100 0 
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the icaclei to compiehcnd the gicat extent to whicli cacli ol the rats 
maintained his oiientation to the left in the trials hcfoic masteiv was 
attained This table shows the per cent of correct turns, on the trials 
before and after masteiy, made by each lat on each of the two choices 
of the simple alternation problem Of the rats who mastered the 
pioblem, the median pei cent coircct on Choice 1 was 8 5, whcieas 
the median pci cent correct on Choice 2 was 99 3 IIow very slowlj^ 
each of the animals learned the conect iespouses on Choice 1 is shown 
m Figuie 2 (lowci series) This giaph shows the pei cent of cor- 



FIGURE 2 

Pfr Cfnt or Correct Responses Made by Each oi 14 Rats on Choice 1 
IN Each of 10 Successive Groups oi 20 Triai s 


lect I espouses on choice 1 mcide by each lat in each of 10 consecutive 
groups of 20 trials (In this giaph all cuives follow the 0% line 
01 the plain solid line at all points not designated No ciiivcs follow 
the 0% line between the first and the second group ) 

Now continst the performance on Choice 1 with that on Choice 
2 Figuie 2 (upper left) shows how very quicklj'' all of the rats 
learned to respond coiicctly on Choice 2 (In this graph all curves 
follow the 100 per cent line or the plain solid line at all points not 
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designated ) Wc Imvc filieady noted in Table 1 that all of the rats 
were making consistcntlv conect icsponses after the 8tl\ trial Figvuc 
2 shows that 3 of the rats tesponded coiiectly on Choice 2 in each 
of the Hrst 20 trials, that 6 lats weie coirect on 19 out of tlic liist 
20; that 2 were conect on 17, and that the lemauimg one was cor¬ 
rect on 16 of the first 20 trials It will thus be seen that of the 
animals who did make eiiois on Choice 2 in the fiist 20 trials, none 
made less than 80 pei cent coiiect responses As the icadci follows 
through the peifornrance of the lats on the succeeding gioups, he will 
no doubt be struck by the exceedingly great peifection attained and 
rrvaintiuncd on this second choice by all anim<ils It will be seen that 
in the 9 succeeding gioups of 20 tiials each, only one Inal by one ani¬ 
mal was incoiiect This means that only one of the rats made a 
single enoi on choice 2 m the next 180 tiiaK Of 2,470 trials by 14 
rats, only one eiior was made on Choice 2 

This great peifection of response attained so quickly by all animals 
on Choice 2 of the simple alternation problem is a significant fact for 
tlic interpietation of observation made on the performance of rats 
on the double altei nation problem and foi the explanation of the ex¬ 
tension of a learned series of simple alternation lesponscs This point 
will recur when the pioblem of explaining the extension of a learned 
series of altci nation arises Howcvei, since perfection on Choice 2 
was leached almost immediatclv by all lats, no furthei analysis of 
the lesponscs on this choice need be undertaken here An analysis 
of the changes Avhich occuired on Choice 1 will now be made 

In Figuic 2 It has been obseived that aftei the beginning of the 
experiment, all lats soon reached the zeio point insofni as conect 
peiformancc on Choice 1 was concerned, Eiror on Choice 1 continued 
to be the predominant type of response with all animals foi many 
trials However, an inspection of these same data will disclose the 
fact that most of the lats finally did attain mastery of this choice 
(and hence masteiy of the pioblem) Figuie 2 shows tliat by the end 
of the 100th trial, rats 2, 4, 7, 13, and 14 had attained a fan degiee 
of pcrfectvon on Choice 1 Four of these—4, 7, 13, Id—icached the 
ciitenon of mastery bcfoie the 100th tind, howevci, it will be seen 
that all of these rats fell oft in the accuiacy of then perfoimaiice m 
the next 20 to 40 trials An explanation for this i etr ogress ion in 
beliavioi will be attempted later All ot these 5 rats attained iicai- 
perfcction in peiformance again, except 13 This lat did not again 
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equal Its pievious iccoid iii 200 tiials Errois on Choice 1 wcie 
pieclominant with all rats, except 4 and 14, up to the 160th tiial 

Twelve of the lats mastered the problem Table 2 (middle 
column) gives the niimbcx of tiials icquiicd by each i.it to achieve 
mastery Foi the 12 who masteicd the pToblcm, the median niimbci 
of tnals lequiied was 131 and the lange fiom 36 to 173 The last 
column of the table gives the numbci of concct tiials made by each 
rat piioi to masteiy* The median was 8, and the range fiom 2 to 
17 tiials. 

Rats 9 and 15 drd not leacli the ciitenoii of ninsteiv within the 200 
tiials allowed by this cvpenment 

Table 4 gives the lecord of each of the lats after mastering the 

TAllLE 4 

Triais Correct Attir Mastiry on the Simpii AcTraNAiioN Proiulm (r/) 
IN THE TfMPORAI WATPR MA7F 

Trials Aftei Mattely 

Greatest Number 


Rat 

Total 

ConeCt 

Conscciitivclv 

1 

41 

30 

9 

2 

6S 

56 

22 

3 

57 

47 

20 

4 

164 

129 

23 

6 

40 

25 

8 

7 

125 

43 

21 

8 

27 

22 

6 

9 

10 

32 

24 

9 

11 

73 

8 

3 

12 

61 

3 

3 

13 

122 

40 

3 

14 

107 

79 

24 

Median 

63 

35 0 

8 5 


problem It will be seen fiom this table that thicc consecutive cor¬ 
rect trials pioved to be a good ciitcrion of mastciy, as fai as sciving 
as an index foi the prediction of future success is concerned Animals 
1, 2, 3, 4, 6, 8, 10, and 14 each succeeded on about 75 per cent of nil 
tjials after mastery If conditions were still more rigidly controlled, it 
seems possible, in this cxpeiimcnt, that the animals might pass fiom a 
past record of complete failuic to a iccoid of complete success Col¬ 
umn 3 of the table gives the greatest niimbci of consecutively coiicct 
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tiials made l>v each of the ints With lals 7, 11, 12, and 13 the cii- 
tenon did not piovc to be such a good iiidev to future success Aftei 
makiuG; 7 conbccutivc cojiect uinb, rat 7 fell hack into a less efficient 
method of lespondmg, namely, mining left at the choice point, going 
as fai as Section 5, then tiiming and completing the remainder of the 
run succcsshillv. This tvpe of senes picdonrunatcd for about 80 trials, 
le , until the lat agdin lelcainecl tlie couect tutn on the 157th trial 
Fiom then on his pci foimance w,is neaily pci feet 

Rat n, after barely icacliing the criteiioii of inasteiy on the 127tli 
tilal, fell back into a type of response similar to the reversion which 
occur I eel with lat 7, oi the still inoic piumtivc type of lesponse of 
going to Section 7 befoic completing tlie tiial These piecloiiimant 
types of lespoiisc were mteispeised with occasional coricct runs This 
rat did not again reach the cntenon of masteiy within the 200 trials, 
Hat 12, aftei barely reaching the enteuon of masteiy, on trial 39, 
fell hack into two much more piimitive types of response going cither 
to 6 01 7 on Choice 1 , the latt'ei response precloininatnig very gieatlv, 
One 01 the other of these two types of response persisted until the 85th 
trial, after which Choice I earned the animal to 5 on all tnals This 
animal developed a wrv necic aftei the 100th trial, and was thcic- 
aftci discaided from the group This lat did not make aiiothei pei- 
feet run aftei tfie criteiion of masteiy was leaclicd Rat 13, aftei 
barely icaching the ciitenon of mastery, lathcr persistently alteriintej 
one 01 two correct tnals with fiom 1 to 16 trials that M^eie incoucct 
Thcie were 16 consecutive tnals in which one conect tual was altcn 
nated with one inconcct trial. The inconcct lesponses on Choice 1 
always earned the lat into Section 7 However, this lat again bniely 
reached the entenon of niastery on the 191st tiinl 

A gcneial pictme of the fiequcncy of occuiicnce of the dtfff^ient 
possible combiJiation^ of a/fht and left turns may he had by a glance 
at Table 5 This tabic gives the pei cent of the trials, before and 
aftei inasterv, which fell into the six possible senes of turns occuning 
on the two choices of the simple alternation pioblem Tlie table also 
stiesses the point that has just been made, naniclv, that befoie niastciy 
the rats were decidedly onented towaid the left on both choices of the 
pioblem, 

3. CnUSfiQ}tenuttf It has alicadv been obseived that CJioice 1 was 
the only point of difficulty for the lats in the simple alternation 
problem Plus choiee was iii fact the problem foi all of the rats 



TABLE 5 

Per Cemt of Trials, Before and After Mastery, That Fall into the Six Possible Series of Turns of 
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on tins test. All of tlic lats^ foi many consecutive tiuU aftci tlic 
experiment began^ made tJic ciior of tuining lett and piocecding to 
Section 7, the end of the blind alley. It tlieiefoie became a point of 
much inteiest to discovei how this persistent erim would be climi' 
nated Iti keeping the piotocols of the tiials a recoid was made of the 
complete path tiaveiscd by each of the lats on each tiial It was thcic- 
forc possible to discovei from the rccoids whether the blind alley 
on Choice 1 was eliminated m an all-oi-none fashion oi by giadually 
slioi toning the trips into the alley. An analysis of the data on this 
point seemed to be a woithy enleipiise, since it appeals that no analy¬ 
sis has vet been made of the elimination by rats of blind alleys in the 
tempo) al maze 

The tuaU marie by each of the rats may icaddy be divided into 7 
djftcicnt types on the basis of the type of lesponsc which irnmedlately 
succeeded Choice 1, and in confoimity with the numbeied sections 
of the maze (Figuic 1) The most common type of lesponse on 
Choice 1 in the timls bcfoic inastciy was that of making a left turn 
and going to Section 7, the end of the blind alley, and from that point 
completing the remaindei of the tiial conectly, This way of re¬ 
sponding was called Type 7 The other types that aie analogous to 
this, except! that the rat turns aiound aftci going only as fai as 6 or 
5, aie called Types 6 and 5 respectively Thiee otliei types are those 
m which a right tiiin cauies tlic lat only as fai as Section 2, 3, oi 
4 respectively, from eithei of which sections the animal letiiins to the 
blind alley befoie finishing the trial concctly^ These wcie called 
Types 2, 3, and 4 lespectively The icmaming type is the one we 
have tern:ied a "correct” trial, and consists of completing the senes of 
responses required by the problem without entering the blind alley 
at all 

Thus a liieiarchy of types may be ananged—-7, 6, 5, 2, 3, 4, C— 
each successively supciioi to the pieced mg type fiom the point of 
view of nearness to the solution of the pioblem. 

Table 6 gives the pei cent of the total i espouses, befoic and after 
mastery, that fall into each of these seven tvpcs of response made on 
Choice 1, It will be observed that with all rats most of the tilals 
prior to mastery involved blind alley responses to Section 7 on Clioice 
1 This was not only the most common type of eiior but aUo the 
most common type of response on tins choice in the trials before mas¬ 
tery The median per cent of Type 7 icsponse before masteiy was 
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TABLE 6 

Per Cent of Trims, Beforl and After MASTER'i, that Fati into Each or 
THE Seven Types or tiif Hierarchy op tiif Simpic Alternation 
Prohlem (r/) IN A Temporai, Water Mazf 


Types of Response 





7 

6 

5 

2 

3 

4 

c 

Rat 

Trials 

% 

% 

% 

% 

% 

% 

% 

1 

Befoie 

1S9 

84 9 

13 

1 9 

6 

1 3 


100 


After 

41 

24 4 





24 

73 2 

2 

Before 

135 

65 2 

89 

11 9 

7 

7 


12 6 


After 

6S 

93 

1 5 


1 5 

1 5 


86 2 

3 

Before 

143 

90 2 

7 

14 

2 1 


7 

49 


After 

57 

17 5 






82 5 

4 

Before 

36 

72 2 



83 


28 

167 


After 

164 

19 5 



1 2 


.6 

78 7 

6 

Before 

160 

69 4 

62 

20 0 

1 9 



25 


After 

40 

10 0 


25 0 

25 



62 5 

7 

Before 

75 

74 7 

93 

67 

1 3 



80 


After 

125 

72 

32 

54 4 



.8 

34 4 

g 

Before 

173 

76 9 

34 

87 

29 



81 


After 

27 

3 7 


14 8 




81 5 

9 

Before 

After 

200 

(69 0) 


(24 0) 

(3 5) 



(3 5) 

10 

Before 

168 

65 5 


54 

19 0 

6 

6 

8 9 


Aftci 

32 

21 9 


3 1 




75 0 

11 

Before 

127 

79 5 


87 

5 5 

8 


5 5 


After 

73 

43 8 


43 8 

1.4 



11.0 

12 

Before 

39 

87 2 


26 



5 I 

5 1 


After 

61 

65 6 

3 3 

26 2 




49 

13 

Before 

78 

80 7 

L3 

26 

2.6 

1 3 


11 5 


After 

122 

66 4 



8 



32 8 

14 

Before 

93 

84 9 

11 


22 



11 8 


After 

107 

26 2 






73 8 

15 

Before 

After 

200 

(90 0) 


(15) 

(2 0) 



(6 5) 

Median 

i B 

131 

78 2 

14 

40 

22 

0 0 

00 

8 5 


A 

63 

20 7 

00 

0.0 

00 

00 

00 

73 5 


78 2. With rats 1, 2, 3, 4, 10, 12, 13, and 14 this type of erioi also 
occuiicd moie fiequontly than any otlici in the trials after mastciy 
The median per cent of T5^pe 7 icsponse foi the trials after mastciy 
was 20 7 

Now let us considei the manner in which the rats eliminated tins 
blind alley It will be noted that lat 4 was the only rat who did not 
shorten the blind alley response on Choice 1, one or more times before 
masteiy was icached Rat 14 was almost equally clcan-cut with his 
turns, bhoitcning the response only once by tinning in 6, and not at 
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all by turning in 5 The otliei 10 animals who learned the pioblcm 
siiortened the cul-iesponse on a nuinbei of trials, by one oi both of 
types of cul-shoitening responses The median pei cent of 
Type 6 lesponses before mast'eiv was L4. With only one rat, No 7, 
was this the most frequenriy-occui iing cul-shoi tening response The 
median per cent of Type 6 after masteiy was 0 0 This type appeals 
to be a prc-masteiy phenomenon. With no rat was tins the most 
frcqucntl^-occuinng cul-shoitcning response after masteiy 

The median per cent of Type 5 lesponses before masteiy was 4 0. 
With nil rats eveept 4, 14, and 10, this was the most frequently- 
OLcuiimg ciihslioitcning icsponse in the tnals prior to masteiy The 
median per cent foi trials after masteiy was I 6 

The size of the last median given does not convey a coiiect impres¬ 
sion of the great peisistcnce of Type 5 responses after mastery witli 
some of the rats Rats 11 and 12» aftci attaining mastery, were un¬ 
able to maintain it, and fell back into the moic piimitive Type 5 
response This was by far the most ficquently-occuirmg tvpe of cul- 
slioitening response with these two lats in the trials after mastery 
They were continuing this type of lesponsc at the end of the expcii- 
inent Rats 6 and 7 also rcveited to more piimitivc types of iespouse 
with T\pe 5 gieatly pie dominating With these two rats Type 5 
iosponse was not only the most ficqu^nt cul-sliortcning lesponse but 
also the most frequent enoi 

Responses 2, 3, and 4 were characteristic pie-mastery phenomena, 
and disappeared with masteiy Type 2 is of no little mtciest be¬ 
cause m It the lat is making a new response to an old situation. The 
rat piesents a pictuic to the observer of being entiicly stranded En¬ 
trance into the blind alley is inhibited, but what habit luis been built 
up to take its place? While observing tins behavior, the cxpejimentci 
Is tempted to become anthropomorphic and infer that the rat is saying 
to himself, 'Tlicic is no use going into the blind alley, but wheic is 
there anv place to go?*^ The median per cent for Type 2 lesponses 
before mastery was 2 2, and after mastery, 0.0 Rat 10 was held up 
on Type 2 in 19 0 per cent of his trials before mastery 

Type C, coucct responses, became piedommant with caU rats except 
9, 11, 13, and 15 by the ISOth trial The median per cent for this 
type before master}^ was 8 S and after mastery, 73,5 

4 Hesifatioti Responses We have just noted that all of the rats, 
with one exception, engaged in a number of cuUshortenmg responses 
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befoie developinj^ the hiihit of consistently eliminating the blind alley 
on Clioicc 1 rile most significant observation made on tins senes of 
tests, howevci, was the appealance and peisistcnce of hesitation be¬ 
havior accompanying the lesponsc iindcigoing modification Pic- 
vious to the appeal ance of the hesitation iespouse, all rats had been 
hugging the left central allcv^—anticipating the left tiiiii into the 
blind alley 

Hesitation bchavioi began to manifest itself in all lats on Choice 
1 just prioi to, coincident with, or immediately subsequent to the 
first coirect trial (Table 2) Many types of hesitation responses ap¬ 
peared, but for pm poses of exposition, they aic all placed undci thice 
mam headings in Table 7 These aic called hcsUulwn propet, centin! 
alley teiuin, and end wall encounici responses Under the heading, 
hesitation piopei, is included the response of staiting left, then go¬ 
ing right, and vice vefsa, turning the head left, then going right and 
Vice vetsa, being held on a balance and vacillating back and forth, 
slackening the swimming speed gieatly at the choice point, liitching 
quickly to the right oi left, swerving back and foith in airiving at 
the choice point, stopping at the choice point foi a short or a long 
time, barely entering the blind alley and tinning tight, turning left 
through an aic of 270'" and going or staiting to the right, and shift¬ 
ing back and foith from one side of the ceiitial alley to the other 
at the choice point tl, hi, i hi, hbl, thhi, h, ih,hh, tlrh, ot Irlib 

All of the rats engaged in many of the different vanelies of re¬ 
sponse listed as "Hesitation Pioper" and seveial of the animals en¬ 
gaged m most of the different vaiieties The variety which occuned 
most frequently with most animals was the tl or . kind 

The othei two main types of hesitation iespouse listed in Table 7 
arc almost self-explanatory A central alley rctiiin icsponse was a 
response in which the rat, aftci having travelsed the length of the 
cential alley from the staitiiig place to the choice point, tinned 
around at the choice point and ictiaccd all oi pait of the distance 
back to the staiting place before finishing the trip through the maze 
An end wall encounter was a response in which the lat, without slow¬ 
ing up 01 tuining to the light or left, swam straight ahead and bumped 
into the end w^all of the maze, just beyond the choice point 

Table 7 lists the pei cent of the total responses (coiiect and incoi- 
icct) made by each rat on Choice 1, before and after mastery, that 
wcie characterized by the thicc diffeient types of hesitation bebavcoi 
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5 Hesitation Piopei A pJancc at the type entitled '‘IlesiUtion 
Piopei” will disclose that a majoiity of the lats hesitated at tlie 
choice point moic fiequcntly aftei mastciv than hefoic niastciv. 
Nine of the 12 lats (1, 2i 3, 4j 6, 7, 10, 12, 14) who mastcicci the 
pioblem Iicsitatcd on a gicatci per cent ol the choices after mastery 
than befoie mastciv The most inteicsting fact, howe^Cl, is tliat 
aftei mastciv ^ choice upon which hesitation occuiied stood a better 
chance of tciminating in a coirect i espouse than the same kiiul of 
choice befoie masteiy. Bcfoic mas ter v the median pci cent ol tntor- 
lect hesitation responses ^vas about six times the median per cent of 
collect hesitation tcsponscs Aftci mastciv was achieved the lela- 
tionship was reversed the median pci cent of coiicct hesitation ic- 
spoiises was then tliicc times the median pei cent of incoricct hesita¬ 
tion icsponscs Thus the lats wcie not only hesitating luoie fie- 
queiitly, but the hesitation movements in which they were engaging 
weic tciminating moic ccitamly in coricct responses Tlic lats wcic 
giaclually Icaining to engage in a variety of activities without dis¬ 
rupting whatever posture was leqiusite for inhibiting cntiaiice into the 
blind alley It may well be said that the lats at first ivent the wiouff 
way; next, they learned to hesitate and go the wiong way, they then 
leained to hesitate and go the light zvay At the close of tlie tnal senes 
a few lats had reached the point in then tiaining whcic they mciely 
loent the ughi way Most of tlie rats, no doubt, would soon ha\e 
leached the last stage in then tiaining, howevci, the training scries 
was discontinued too soon to lowei gieatly then hesitation lecoul 
At first no rccoid was kept of the time consumed in eacli hesitation 
response The lesponses wcie of such shott duiatioii as to make then 
tempoial importance appear insignificant foi puiposes of this investi¬ 
gation With moic trials, howcvci, licsitation time incicascd It was 
soon lecognizcd that the duiation of these hesitation responses might 
prove to he a significant factor in this investigation Accordingly, a 
time rccoid was mauguiatcd foi that vaiicty of hesitalion iespouse 
consisting of one oi moic shifts hack and foith acioss the cential alley 
at the choice point This was the most picvalciit vaiicty of hesitation 
response The median time consumed in this vanety of hesitation 
was 12 2 seconds. There wcic 23 hesitation responses in which the 
subjects shifted back and forth 4 times in fiont of the choice point, 
and which tciminated in coiicct tiials Foiii of these 23 responses 
were by 2 lats before mastery, and the other 19 wcic by 8 rats after 
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mnstciy The mcdmn duiation of this vHiiety of hesitation was 21.3 
seconds. 

Another vanet 5 ^ of this type of hesitation response should be men¬ 
tioned Two of the lats, 6 and 7, in 7 5 pei cent and 7 2 per cent 
respectively of tlicii tiiak aftci masteiv, engaged in a vanety of 
hesitation responses consisting oi swimming to the choice point in the 
usual iiiannei, and then turning aiound left as on a pivot through an 
aic of 270“ bcfoie proceeding to the light. This was undoubtedly 
the remnant of a blind alley lesponse which no longer cainecl the rat 
into the blind alley, Rat 14 engaged in a somewhat similar kind of 
hesitation icsponse in ovei 50 pei cent of the trials aftei mastery 
This response consisted in a sudden hitch to the light after turning 
the head and neck towaid the entrance to the cul-dc-sac. 

6. CentJat Alley Returns The second type of hesitation behavior, 
the cential alley return response, was exhibited before mastery by 
nine rats With eight of these all such responses before mastery were 
incorrect or blind alley responses Before mastery only one rat, No 
10, succeeded in making any successful responses after retracing in tlie 
central alley This rat made two such responses after retracing The 
meduan per cent of incorrect cential alley retrace responses before 
mastery for the rats who learned the problem was 1 1, and the range 
from 8 to 4 0 Rat 8 made 8 such unsuccessful retrace responses 
bcfoie mastery, The median per cent correct retrace responses 
was 0 0 

If we turn to the retrace responses made by the rats after mastery 
we have much the same picture However, fewer rats participated 
in such responses Only 3 rats—4, 7, 8—engaged in retracing 
responses after mastery. The feature that makes these responses 
similnr to the retracings before mastery is that all of them terminated 
in unsuccessful responses on Choice I It appears that central alley 
retracing is largely a piemastery phenomenon, which may occasionally 
appeal m trials after mastery; but that its appearance even in trials 
after mastery is likely to result \n an unsuccessful response on the 
choice with which it appears. 

The almost certain failure which results subsequent to these central 
alley retrace responses suggests tliat the limit as well as the length of 
the transition stages of the cul-shortening process may be an impor¬ 
tant factor m the rate of maze learning; and that the rat who shortens 
the alley by the greatest transition steps need not always be the most 
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rapid leainci It has alieadv been shown (Table 6) that cul-shoil- 
ening does not advance b}'- impel cep tiblc steps, but lathei by jumps 
(small or laige) Rat 4 passed diicctly from Type 7 iespouses to 
Type 2, i e., shoitened the blind alley by its full length on the first 
tiansition step Except for one tiial the same was tiuc of rat 14 
These two lats were by far the best peiformers in the gioup On the 
othci hand, lats 9 and 15, whose first tiansition step was inteimediate 
111 length (fiom Type 7 to Type 5), wcic decidedly the poorest pci- 
formeis (failed to learn the pioblcm) The lathci high per cent 
of cential alley rctiace icsponscs m which these last two rats en¬ 
gaged suggests that the limit of the second step of the ciil sliortening 
pioccss fell somewheie in the central alley^ and icsultccl in a senes 
of incoriect lesponscs, The point that is being made is that a large 
tiansition step is conducive to lapid learning, piovidcd Us limit falls 
at or ncai the choice point, but that such a step complicates the piob¬ 
lcm when its limit falls any considciable distance into the central al¬ 
ley Short tiansition steps (the fype occiiniiig witli most of the rats) 
stand a better chance of providing a limit which falls ncm the choice 
point, This may be the explanation as to why all of the lats who em¬ 
ployed short transition steps sooner or later learned the problem 

Rat 2 presents a case in which the cul-shoi tenmg process, after 
passing thiough a numbci of tiansition steps, had apparently extended 
back into the starting box For many tiials subsequent to niastciv, 
this rat remained in the starting box for about one minute befoie start¬ 
ing on his tiip through the maze While in the starting box this 
rat appealed veiy tense and inhibited (presented the same general 
picture that most of the rats did in then hesitation responses at the 
choice point just prior to lejccting the blind alley) , but at the end of 
his stay theie, he began to swim very freely up the cential alley while 
hugging the light side wall Upon reaching the choice point he 
turned to the light without hcMtatioii Near tlic time of their at¬ 
tainment of mastery a numbci of such iespouses occurred with foui 
other rats 

7 Erid Wall Encoiinle}s The third type of hesitation response 
which Qccuired on Choice 1 was the end wall encounter response 
Nine rats engaged in this type of response. Eight exhibited the re¬ 
sponse before masteiy Seven of these made incorrect responses on 
each trial after bumping into the end of the maze Before mastery 
only one rat, No 2, succeeded in making a correct response on Choice 
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1, after Jiaving bumped into tlic wall The median pei cent of incoi- 
icct end wall encountcis occiiiiing befoic mastery was 4 The 
median pci cent of collect end w«all encountcis was 0 0 In the end 
wall cncountcj icsponscs ocuitiing aftci mastciv theic was a some- 
wli.it diftcient ticiul Font lats paiticlpatcd in end wall responses 
after mastciy But> wheicas end wall encounter lesponses before 
mastciy teiminated in incoiiect lesponscs on Choice 1 with almost 
all rats, the same type of hesitation icsponscs teiminated in coircct 
lesponscs attei mastciy It seems evident that thiee of the lats 
had learned to maintain the postiiic ncccssaiy to inhibit entiance into 
the blind alley even aftci clashing into the end wall One animal, 
however, still paiticipated in one end wall lesponse whicli teiminated 
in an unsuccessful response 

It appeals fioni this obseivation that the end wall cncountci le- 
sporisc IS picdominantly a pie-mastcry phenomenon, and that with 
training the lat mav leain to engage in such activity without be¬ 
coming disinliibitcd 

Rcv€}siotf, A stiiking featuic of the peiformance of the lats on 
the alternation pioblern was the phenomenon of icvcision After 
reaching any one of the more advanced types of pcifoimance, each of 
the rats occasionally^ and many of them persistently, continued to fall 
back into a moie primitive and less adequate type of solution This 
continued to occur on a considciable scale until neai-perfection was 
reached. This fact has been iccogoized by many investigators (8) 
The phenomenon is piobably to be attnbuted to the impossibility of 
attaining absolute contiol ovci the stimulating situation while a 
response is suffeung expeiimental extinction 

Whatever may be the basis foi icvcision, it was believed to be an 
impoitant phenomenon foi the explanation of the development of 
mastery of the alternation problem An investigation into the prob¬ 
lem of whcthei the alteination habit, which had developed through 
the vaiious stages of the hieraichy, could be foicccl back into some of 
these stages thiough which it had developed was considcied a woithy 
undertaking. 

Reference has alieadv been made to the fact that by the end of the 
100th tiial, lats 2, 4, 7, 13, and 14 had icached a lathei advanced 
stage of mastery, All of these except iiumbei 2 had mastcied the 
problem in tcims- of oui cntciion It will be obscived (Figuic 2) 
that in the 5th group of 20 trials, rat 2 was coirect on 35 pei cent, 
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lat 4 was tonect on 95 pei cent, rat 7 on 30 pci cent, lat 13 on 50 
pei ceiil^, and lat 14 on 45 pci cent of the trials The remaining 9 
rats wcie making scores not much bcttei than at the beginning of the 
senes, hut man}' of them by this time had passed through the loycr 
liieraichy of Cj'pcs and weic just on the brink, so to speak^ of pei- 
fccting the habit 

Tile altei nation habit had appealed so unstable through out its de¬ 
velopment that It was believed that the cxpenmcntal situation pro¬ 
vided a good oppoitunity foi a test of the icvcision hypotliesis The 
habit with most nits had developed tliioiigh a pait or all of the hiei- 
aichv of stages, and on the 100th tiial, llicic weic lats in all of the 
difteicnt stages, Fuithcimoic, all of the lats, even those wlio had 
masteied the pioblcm, seemed still to be very stiongly oilcntccl Umaid 
the goal at all times except at the time, oi immediately picccding the 
time, that Choice 1 was made These conditions seemed to pi ovule a 
splendid opportunity foi testing the hypothesis A habit witliout a 
hierarchy of stages docs not piovide such an opportunity In order 
to test for revel Sion, it is necessary to have something to which to 
revert, and this something must be known. 

It was desiied that the stimulating situation be changed in order 
that attendant changes in the behavior, if any occiiricd, might be ob- 
bcrved, but it was not* desired that the change be gieat enough to 
thiow all the animals back into the most primitive level of the hier¬ 
arch}', 1 e , Type 7 (Table 6) The modification intioduced was 
that of changing the water in the maze and laising the level 1J4 
inches 

As has been previously mentioned, it was not the practice in the 
expeliment to lemove all of the watei from the maze at one time 
Only one large pail of watci was icmovcd and a like amount le- 
placcd each day Howcvei, foi this control test, nil of the water 
was icmoved fiom the maze, the maze tboioughly washed, and ic- 
fillcd with fresh watei at lOom temperature, hut at a level 
inches highci than in the pjcccding tiials of the expciimeiit The 
rats weic then given all of then remaining tiiaU (100) in water at 
the new level 

The pci cent of tiials of each of the lats that fell into each of the 
7 types of the hierarchv (Table 6) previously discussed Avas com¬ 
puted on the basis of the 7 trials given subsequent to the intro¬ 
duction of the new feiiture into the stimulating situation X he data 
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foi the 27 tnals picvious to the intioduction of the new stimulus 
were nlso coiupiited for compauson This compaiison is made in 


Table 8. 


TABLE 8 


pFR Cknt of Triais That Fail into E\ch or the Sevfn Types, Beforf 
AND Aftcr MoDirrmo thl Stimulating Situation 


Rat 
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Unmocljlied 

88 9 


37 
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14 3 
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Un modified 

26.0 
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Unmodified 
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74 



3 7 

74 
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3 7 

81 5 
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28 6 
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Unmodified 

51 9 

14 8 

25.9 

3 7 



3 7 


Modified 

57.1 


42.9 
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Unmodified 

H8 

7.4 

+8 2 



3 7 

25 9 


Modified 

14.3 


85 7 
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Unmodified 

92 6 


37 




3 7 


Modified 

85 7 
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Unmodified 

51 9 


22 2 

18 5 



74 


Modified 

71 + 


14 3 

14 3 




10 

Unmodified 

25 9 


7 + 

48 2 

3.7 


14 8 


Modified 

57 1 


14 3 

28 6 




11 

Unmodified 

63 0 


22 2 

11 1 



3 7 


Modified 

100 0 







13 

Unmodified 

48 2 



3 7 



48 1 


Modified 

71 + 






28 6 

14 

Unmodified 

519 



37 



4+4 


Modified 

71 + 






28 6 

15 

Unmodified 

63 0 


7 + 

3 7 



25 9 


Modified 

100 0 







Median 

Unmodified 

51 0 

00 

7.4 

37 

00 

00 

1+8 


Modified 

71 + 

00 

14 8 

00 

0.0 

00 

00 


It will be observed that ieversion took place with all of the rats 
with the possible exception of iat 1 In general^ the lats decieased 
in the pci cent of tiials falling into the liighei levels of the hici- 
aichy and increased in the pei cent of tiials falling into the lowci 
levels of tlic hierarchy. Twelve of the 13 animals decieased m tlieir 
percentage of coiiect tiials The median pei cent coricct before 
distuibancc was 14 8, and after disturbance, 0 0 There was a decrease 
in percentage of trials of Types 3 and 4 with all rats who had been 
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engaging in eithei of these types, although the niiinbei participating 
in these types was not gicat enough to bring the medians above 0 0 
pci cent. Of the 7 rats engaging in Type 2 trials, all had then pci- 
centage of trials of this type diminished coincident with the introduc¬ 
tion of the distuibing stimulus The median per cent of the last- 
named trials was 3 7 before distuibance, and 0 0 after disturbance 

On the otlier hand, the pei cent of tiials in two of the tliicc lowei 
levels of the lueiarch> was gicatly increased It is tiuc that of the 
10 rats who engaged in Type 5 tilals, only half of them had tlicir 
pcicentagcs in this type increased iiiculciit with distuibances, but 
there was an increase of the median fiom 7 4 pci cent to 14.4 per¬ 
cent, and with the 5 rats whose per cent of Type 5 tiials decreased, 
there was a gieater compensation toward the lower level of the hier¬ 
archy in the pei cent of Type 7 trials, The pci cent of Type 6 
trials was increased with one of the three rats who were pai ticipating 
in this type of trial, and became zero with the othei two The per 
cent of Type 7 trials was incieased with ten of the 13 rats The 
othei thiec—6, 7, 8—had their pci cent of this type of trial slighth 
lowered, but this decrease was moie than compensated foi by the in- 
ciease which occuired with these lats on Type 5 trials A compaii- 
son of the medians before and aftei disturbance gives a good con¬ 
ception of the increase that occuned in this type of trial The median 
pei cent hefoie distuibance was 51 9, aftei distuibance, 71 4 It will 
be obseivcd from Figure 2 that this disturbance was not oveicome 
witli most of the animals until aftei about 40 or 50 trials 

This reveibion test indicates that the rat was not pei forming on the 
basis of staitiiig-bo'y cues, but in accordance with the stimulating 
situation as it developed while the lat was tiaveising the ceiitial 
alley 

The Extenstov of a Lemned Gelleimann {4, 5, 6) and 

otheis have noted in monkeys and in children a tendency to alterna¬ 
tion Husband (15) has shown that human subjects tend to alter¬ 
nate while the rat develops a diiection tendency That the lat soon 
develops the diicction habit undci ceitain conditions in the temporal 
maze, them can he no doubt This is shown in this experiment by 
the fact that the lat always turns left on both choices of the simple 
alternation problem for many consecutive trials, before eliminating 
the blind alley on Choice 1 Howevei, the fact that the second 
choice was invanablv a turn to the le/t in spite of the fact that a left 
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response on the picvious trhil had been unsuccessful, suggested the 
possibility that a simple alteination senes, after once under wav, is a 
veiy natiiial and elementcuy sequence of responses foi the lat to de¬ 
velop 

About two weeks after the learning and contiol tiials wcie fin¬ 
ished and the j ats had rested foi 10 oi 15 days, a test of the ability 
ot the lats to ‘>ucccssfully extend the simple dltcination habit of two 
choices into an alternation senes of fout choices was uiideitaken 
TmcIvc rdts wcie used in the test The numbci of trials given to 
each of the various rats ranged from 4 to 8 

Dining the period of rest a number of the lats had fallen off in then 
ability to succeed on Choice 1 of the simple alteration problem How¬ 
ever, wlictlier or not the lat was successful on Choice 1, it was al¬ 
lowed tlic oppoitrinity of extending the seticb to jotn choices 

Table 9 gives the lesiilts of the extension test It will be observed 

TABLE 9 

Pjr Cpnt of Correct Elsponscs on Cnoicrs 1, 2, 3, and + in Extending a 
Two-Choice Simpie Attcrnation Series (//) to a Four-Choice 
Simple. Alternation Series (Wr/) 


Rat 

Trials 

1 

% 

2 

% 

Choices 

3 

7c 

4 

7o 

1 

6 

U 1 

100 0 

66 7 

100 0 


8 

100 0 

100 0 

87 5 

100 0 

3 

4 

50 0 

100 0 

75 0 

75 0 

4 

8 

100 0 

100 0 

75 0 

100 0 

6 

7 

28 6 

100 0 


100 0 

7 

7 

28 6 

100 0 

85.7 

100 0 

8 

S 

100 0 

100 0 


100 0 

9 

6 

83 3 

100 0 


100 0 

11 

7 

42 9 

100 0 


100 0 

13 

5 

60.0 

100 0 

40 0 

100 0 

14 

7 

100 0 

100 0 

42 9 

100 0 

15 

5 


100 0 

40 0 

100 0 

Median 

65 

55 0 

100 0 

41,5 

100 0 


that 8 of the 12 lats extended the senes with consideiable degree of 
succeijs Foil I of the lats who successfully extended the senes made a 
better record on the last two choices than on the two choices on which 
they had been trained The other foui did not do as well on the 
last two choices as on the first ti^o but their reduction in efficiency 
was not great When failure occiiued m the extension of the senes 
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on any tiial by any one of the ci|^ht rats, it was piobably biou^ht about 
by a long delay in the st«utmg box, «iftei the second response had been 
completed the animals peisistcd in attempts to climb the wall of the 
maze at this point in then progicss, All 8 lats, on all tiials \i\ which 
they piocecded up the cential alley immediately aftei finishing the 
second (left) response, were successful in making a right lesponsc 
on Choice 3, 

Four of the lats failed completely on the pioblcm of cxtcncling the 
senes, tuining left on both Choices 3 and 4 The explanation of fnil- 
uic on all twals in the ease of these foni lats is piobably the same as 
tliat with the othci eight on the trials in which they failed Each of 
I lie four lats who completely failed in extending the senes stopped fni 
long periods of time to attack the walls of the staiting box aftei com¬ 
pleting the second lesponse of the senes 

It is a suiprising fact, not that some of the animals failed on nil 
tiials to extend the senes, iioi that all animals failed on some of tile 
tiials, but that any of them succeeded in extending any of the tnals 

It will be icmembcied that all of the lats for a gicat number of 
consecutive trials in the tiaining senes responded by going left on 
dll choices Now that the lats should icacli a median of 41 5 per cent 
success in extending the senes despite the fact that all of them delayed 
in the starting box aftei Choice 2 in some oi all of then trials is a 
most striking fact indeed This is the phenomenon which Huntei 
(9, p 216, 10, p 531 , 11, p 1) has called “alternation after suc¬ 
cess A rat who has recently traversed a path around one of tlic 
rectangles docs not so leadily repeat the path, but k moic prone to 
follow a path leading in the opposite dnection This tendency to 
alternate bears on the problem of learning by rats of the simple altci- 
nation temporal maze It explains why all of the aniirials wci c always 
concct on Clioice 2 almost fiom the vciy beginning of the senes of 
tnals It will be obseivcd that in the test of extending the senes, 
all animals except one were collect on Choice 4 on all tnals upon 
which they were tested 

Rcsuml of thl Llarning Proclss 

The obscivations made upon the rats m the learning senes, in 
the reversion t’est, and in the test on extending a senes of simple altci- 
nation responses have piovidccl data, it appears, for a somewhat com- 
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pletc desciiption of the development of the simple alternation habit 
ill the temporal maze Such a dcsciiptioii will now be attempted 

On the first tiial the lat is neutral with icspcct to the various sec¬ 
tions of the maze and therefoie with regaid to CJioice 1 of the piob- 
km He will thcrefoic be as likcl)^ to tmn in the one cliiection as m 
the other at the choice point Wlietliei he tuins to the right or to 
the left, no change of any great consequence results from what occurs 
on Choice 1 In whichevei diicction the choice is made, the rat must 
firirvlly go aiound to the right aftei Choice 1, Now, on Choice 2 the 
lat is as likely to turn in one direction as in the other, This is im- 
deistandahic on the basis of the assumption that nothing of any gicat 
consequence foi learning has occuiied on Choice 1, and from the fact 
tliat the lat has tiavclcd in a very slow and zig-zag fashion around 
the light side of the maze and up the central alley, just previous 
to making Choice 2 This slow movement would nullify the ten¬ 
dency to alternate (if there be such at this tunc). But whether the 
rat turns to the left or to the light on tlie second choice, he must 
finally go to the left, where he is allowed to escape from the watei 
and maze, Responses in the direction of the goal now have an 
opportunity to become conditioned to goal and pre-goal stimuli. 

Now, after the fiist, oi after a very few trials, all of the rats 
become veiy stiongly oriented towaid the left side of the maze, and 
both choices thereafter arc to the left for many consecutive trials 
This is shown in Table 2 Table 5, which shows the percentage of 
each type of the six possible response senes, bungs out the same point 

The rat remains peisistcntly eirorless on Choice 2 throughout the 
training trials. Two important factors no doubt contribute to this 
great proficiency on Choice 2 Fiist of all, to be sure, is the factor 
of conditioning. Responses which cairy die lat toward the goal aie 
built up to goal and neai-goal stimuli, so that these stimuli, whenever 
piescnted, call foith these diiected lespohscs But a second^ and 
very important factor is the easily acquired habit of simple alterna¬ 
tion So It occuis that ifie stimidi present 1q the lat at the choice 
point plus the letained effects of haviitff just poyie io the work 

together to insure that the lesponse on Choice 2 shall always be to the 
left 

The lat, after becoming oriented, also persistently turns left on 
Choice 1, for many consecutive tuals This left-turning habit on 
Choice 1 IS an effect of the conditioning which has occuired on 
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Choice 2 At the time Choice 1 is made and foi several seconds pre¬ 
vious to that time, the objective stimul.uinf; situation is the same as 
on Choice 2 This stimulating situation brought foitli a left turn 
on Choice 2, so it now brings foith a similai response on Choice 1. 
The problem on Choice 1 is similar to that confionting a lat who 
finds himself in the middle of a long maze the last half of which he 
has alread 3 ^ masteicd If the rat is not allowed to ictrace, he will 
be expected to follow the accustomed path Carr and Watson (2) 
have shown that this is just what occiiis. But the rl pioblcm re¬ 
quires that the rat turn light on Choice 1. which is requiring him 
to go opposite the diicction he has learned to go on Choice 2 The 
whole problem for the lat then becomes one of eliminating the left 
turn on Choice 1 Lef us piocecd to the inetliod by which this is ac¬ 
complished 

Vaiious types of responses become conditioned into this laigei pat¬ 
tern of going left on Choice 1 Anticipatory responses soon extend 
backward, in this pattern, into the cential alley, and then back al¬ 
most to the starting box, The rat begins hugging the left side of 
the central alley almost immediately after starting up the alley tovvaid 
the choice point These responses make it appear to the ohscivcr tliat 
the rat is tiying to tuin left befoie reaching the choice point Simul¬ 
taneously with most rats anticipatory alley shortening responses begin 
to appear, and the rat, on many of his trials, does not go to the bot¬ 
tom of the blind alley. 

Tliese ciil-shortenmg responses finallv extend backwaid in the 
pattern of response as fai as the choice point and compiise all of tlic 
various kinds of iespouses to which the name ^‘hesitation” has been 
given. 

Hesitation occurs at the choice point because the icbponse to the 
left IS inhibited, and no ncAv pattern of response has been built up 
to substitute foi it The lat cannot go left, its muscles litcrall}'^ 
“stick” upon arijving at the choice point But it has not learned to 
go to the light in this or any similar stimulating situation Nevei 
befoie has the rat confronted this poition of the maze at a stand-stiU 
Not onl)' must the lat, in ordei to make a correct lesponsc, m.iintain 
Its posture for inhibiting the left turn, but he must also get a new 
response under way But upon starting in the right diiection, the 
rat often loses its postuie foi inhibiting the left response and tiuis at 
last enters the blind alley, most often to the veiv bottom It thus oc- 
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curs tliat hesitation iespouses in the eaily learning trials usually ter¬ 
minate in jncoiiect lesponses on Choice 1 As more and more trials 
arc made, and thciefoie, as more and more hesitation responses 
occur, the rat becomes more efficient at maintaining its postuie for 
inhibiting the left tuins until its hesitation responses bring it into a 
stimulating situation sufficient to call forth a response to the right 

Hesitation responses at the choice point at first occur only occa¬ 
sionally because the cul-shoitening response on most trials does not 
yet extend backward in the crioi pattern in any large percentage of 
the trials As the trials accumulate the cul-slioitenmg response occurs 
on a gieater and gieater pci cent of the trials until hesitation occurs 
on each tnal 

Rats 6 and 7 exemplify this shortened cul-response reduced to a 
vestige All of the rats^ on then tups into the blind alley on Choice 1, 
developed the habit of turning aiound left before retracing then 
paths out of the blind alley This habit continued as they shortened 
then trips into the blind alley A number of rats retained this turn after 
having clinunritcd the blind alley. Hats 6 and 7, in 7 5 per cent and 
7 2 per cent respectively of then trials after mastery, engaged in this 
variety of hesitation response The response consisted of turning 
aiound left as on a pivot through an arc of 270"* and then proceeding 
to the light 

The other tvpcs of hesitation responses v^eie also phenomena of 
the same chaiactei as the anticipatory response of cul-shoitcning 
The returns back the central alley were examples in which the ciil- 
shortening rchponse extended back beyond the choice point into the 
ccntial alley. The rat suited out from the starting box, swain a 
part of the length of the central alley, and became inhibited The 
general behavior of the rat presented the same picture as the cul- 
shortcning lesponses In the eaily trials in whiclr this type of icsponse 
occurred, the lat turned his head towaid the left side wall of the 
central alley, came to a stop, and began retiacing back to the starting 
box, As m the other varieties of hesitation lesponse, so in this one 
also tile rat, after becoming inhibited, became disinhlbitcd in the 
letuin back to the starting box, and upon traversing the central 
alley the second time, turned to the left into the blind alley im¬ 
mediately on Choice 1, without hesitating After some practice in 
this ictuin type of response, a numbei of the rats were able to legain 
one of the more piimitive types of cul-shoitening lesponscs (stop- 
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ping 111 scLtion 6 01 5) nftci becoming disinliibitecl by a ictuin to tlic 
ccntial alley 

1 he 1 espouse of swimming stiaight ahead past the clioice point 
and bumping into the end of the maze also, no doiiht, is the tcsult of 
the inhibiting response of cul-shortcnmg The lat swimming up the 
central alley becomes inhibited fiom going left, but has vet Icriincd 
no otbei course, so continues bv incitia sti,light ahead into the end 
Avail It IS suipiising that moic cases of this type of iespouse weic 
not picscnt Like the othci types of bchavioi following inhibition, 
crashing into the end of the maze scivcd the function of disiiihibiting 
the response of lejccting the hlind alley So, aftei lecovciiiig fioiu 
the bump, tlic lat Avoiild turn into the blind nlley as if he had not 
been pieviously inhibited Plowcyci, the rat is amenable to condi¬ 
tioning against the effects of such distiaction, and aftei some piacticc 
in encounteiing the end wall is able to maintain the requisite posture 
foi inhibiting entiancc into the blind alleA% even aftei engaging m the 
inteimediate activity of the end wall encounter Soonci oi latci, 
with most animals, all such hesitation behavioi bccumcs eliminated 
at the choice point and the lat makes a clean-cut light tuin on 
Choice 1, and the pioblem ib completely solved A latei development 
IS that of anticipating a light turn on Choice 1 bv hugging the light 
side of the cential alley oi by actually turning into the iiglu side of 
the ccntial alley befoic arimng at the choice point 

In icgiession these lesponses may be observed to shift in the oppo¬ 
site diiection 

Conclusions 

1 All of the rats soon (in from 1 to 8 trials) became oiientcd 
towaid the goal on both choices of the simple alternation problem 
(d), and thus developed a blind-alley lesponsc on Choice 1 

2, Thcncefoith the pioblem of the lest was one of eliminating 
this blmd-allcv lesponsc Twelve of 14 lats chin mated the cul- 
response, and hence leached the ciiteiioii of masteiv (thicc con¬ 
secutive coriect tiials), in fiorn 36 to 173 Inals 1 he othci two 
failed to niastei the pioblem in 200 trials 

a The ciil-iesponsc was eliminated by means of a liieiaichv 
of cul-shoi tening transition steps With 9 of the lats the cul- 
shoitcning piocess on one oi more tiials extended back into 
the central or to the starting box 
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b That transition step in the cul-shortening hieiarchv 
which fell at the choice point xesulted m hesitation behavioi 
The eailv hesitation lespoiises usually ended in failure (le, 
entrance into the blind alley). With piactice, however, the 
rats Jeariied to succeed (inhibit entiance into the blind alley) 
after hesitating at the choice point. 

3 Modification of the stimuhiting situation resulted in a rever¬ 
sion of one or more steps in the hierarchy of types, with rats in all 
stages of the hicraichy 

4 Eight of 12 lats tested weie able to extend the Icained two- 

choice simple alternation senes, il, to four choices, in from 

40 pti cent to 87 pel cent of the tiials 
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CONTINUED TRAINING WITH THE OMISSION OF 
CERTAIN NEBENREIZE'^* 

Stanford Univrfsity 


Paul R Farnsworth 


It IS cl mattci of common obscivatioii that, when one learns somc- 
thiny;, Items iclatively iiiclcvant to the mattci at hand may become 
tied into the pioLCss I bus the pianist mav suftci consulciablc loss 
of ability when liis piano stool is not at its accustomed height "riie 
student who is piohibitcd fiom stinking his face may find it diflicult 
to do his lessons Obscivations of this suit have led to the belief that 
one's sui roundings, the Nebenici^c, aie of eonsideiable impoitance in 
learning situations And theic is lescaich (3, 4) which has been taken 
to indicate that at least on occasion this is true Hut the practical 
issue IS that of finding the conditions iindci which a ihcoiy will liold 
and tliose iindei which it does not apply 

It was a consideiation of this piactical pioblem whicli motivated a 
pievious investigation on the pait of the present wiitci (1) In that 
research he dcmonstiated tliat no ill ehtect could be slumn to operate 
\^’hcn college examinations weic taken m loonis in which the classes 
had not been held Either the Ncbenieizc heic wcic unimportant or 
the examination procediiies weie too ciudc to show the leal cftccts 
Tins same piactical pioblcni motivated the present experiments 

In the present study/ gioups of college students wcic tiained on 
the Koerth puisuit lotoi'* and the Dearboin-Coovei code test^ in tlic 


"^Received 111 the Editoiial O/licc on Octolicr 20, 193(5 

'7'he writci gratefully aLkiinwIcdgcs the financial aid of the Lain i Spcl- 
man Foniulatioii He wishes lo tiiank the Messrs William Hiel and Leona id 
Ferguson for their technical assisiance 

'Reported in pait at the 1935 meeting of the Western Ps>chologiial Asso¬ 
ciation 

‘The Koeith pursuit rotor (2) sets the task of follow mg a target placctl 
in a phonogiaph (iiintahle As eiiiplovcd in the present experiment the 
motor was electiically driven 

■’The modified form of the Dearhorn code test used in this stiuh iiiLludcd 
120 sequences of 5 place numhcis Di J R Coover, wlm has liecn using this 
test foi many years, so modilied the original list that (fl) each digit appears 
about equally often, {h) the digits precede and succeed eaih olhci about 
equally often, (c) no digit olcuis twice in any sequence of 5, (c/) no 
digit falls directly below itself in the coUiniiis 
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presence of a sound of appioximatelv 70 decibels of loudnessOne 
giQiip piacticcd foi one session and the other foi two Following 
the control gionps met foi another session with the sound present 
while the expeilinental groups pioceedcd in lelative silence Each 
session tlie subjects wcie given 5 two-minute trials on the Dearborn- 
Coover alternating with 5 twcnty'Secoiid trials on the Koerth For 
the tliiec-da}^ gioirp, then, there weie fifteen trials and for the two- 
dav group ten Both two and tliice-’dav sessions were run to tap the 
learning at diffcicnt stages. The diicctions 'wcic those tiaditionally 
employed foi such tests 

The subjects were college sophomoies (and a veiv few juniors) 
taken fiom the elementalv class in psychology whcie a requirement to 
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2 trials, Isi Day wnthin ±2 

II 

(94) 

D 

— 87 

— 28 

— 83 

—1 66 

^2 26 

CR 

53 

ts 

44 

92 

1 08 

Paired for last 

trial, 1st Day wiihin ±2 

pis N=38 

(76) 

D 

—1 05 

—1 61 

—2 87 

^03 

^37 

CR 

59 

66 

1 29 

1 62 

1 90 


Control henrd sound throughout 
— = experimental group made pooier score 
N = Number of pairs 


he noise ^sas obtained by tlir use of a Diio-Art plajer piano roll which 
was perforated so as to cause a thord (c-e^g at the level o f cl) to be struck 
once each second 
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seivc as a laboiatory subject fot scveijil houis the quaitcr has 

been in force foi a numbci of years Each of the groups repoi ted on in 
Tables 1 and 2 was composed of 25 of cdch sex An exception was 
made in the case of the two-dav contiol gioiip which was twice as 
large as any of the otheis, its data weic dciivcd fioin those of the first 
two da\s and included both the three-day contiol and the tluec-dav 
cxpeninental TJic desigfiation of subjects as coiitrc 3 l or expciimcntal 
wa!> done on the basis of landum selection 

An examination of the data of lablcs 1 and 2 shows that tlie contiol 
and expciimcntal gioups wcic of loiighly equal abilities dining the 
first session And even when the noise uas eliminated foi the cxpcii- 
mcntal gioups then abilities weic still similai to those of the contiols 
The Koerth and the Dealboin-Coovei data picbcntecl quite similar 
pictuies Appaiently, then, in these situations the change in Ncbcn- 
reize was not important 

It sliould be lecalled that the tno sets of subjects who featuied in 
Tables I and 2 were not individually paiicd» they wcic cliosen by 


TABLE 4 

3 D4y KorRTH—D atv for Last Day 


Trial 

i 

2 

3 


4 


5 


Paired foi both 

1st and 2nd Day 

within ±4 

pts 

N=1S 

(JO) 


D 

—10 93 

—12 53 

—9 07 

_ 

■10 40 


+ 2 40 

CR 

1 85 

1 32 

i 19 


1 20 


31 


Paired for last 

2 trials, 2nd Day 

vvjthin dr3 

pts 

N=35 

(70) 


D 

—6 40 

—12 37 

-10 94 


-6 69 


—2 14 

CR 

1 49 

3 40 

3 11 


L48 


56 


Paired for Inst 

trial, 2nd Day within ±2 

pts 

N=24 

(48) 


D 

—4.00 

—5 50 

—3 25 

+ 4 00 


+ 5 83 

CR 

1 10 

1 86 

I 11 


94 


16S 


2 Day Koerth— Data for Last Day 





Paired fo 

r 1st Day within 

±2 pts N=39 (7S) 



D 

+ 2 92 

+7 0J 

+4 31 

-1-7 69 


+ 2 56 

CR 

77 

1 71 

93 


1 68 


52 


Paired for Ust 2 trials, 1st Day within ±2 

pts 

N=41 

(82) 


D 

—1 76 

+ 29 

—1 05 

- 

-1 95 


—3 34 

CR 

53 

08 

28 


49 


80 


Paired for last 

trial, Ist Day within ±2 

pts 

N = 37 

(74) 


D 

+ 1 24 

+ 3 43 

+ .19 

- 

-2 29 


— 70 

CR 

29 

84 

04 


46 


13 
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random selection. To study the eftects of individual pairing, a num¬ 
ber of systems weie employed (see Tables 3 and 4) The piesent 
wiitci holds no special biicf foi any one of them To pan score for 
score was quite obviously out of the question as the available popula¬ 
tion was too small To pan so that the individual matchings did not 
deviate nioie than zt2 points in some groups and dr4 points in 
another seemed a icasonable pioceduie, one which yielded from 15 to 
47 pans In ccitam instances, of coiiise, the individual matchings 
weic pci feet 

All c\amination of the data of Table 3 shows only two ciitical latios 
wJiosc magnitudes aie 3 oi over and these aic in the plus direction, 
i c , the cxpciimental group made the better scoies In Table 4 theie 
aic again only two critical latios winch aic veiy significant In the 
main, the values seem to fluctuate in a landom manner 

Resume 

Gioups of students were trained on the Kocith puisuit rotor and 
the Dcaiboin-Coovci code test foi five (oi ten) tiials in the presence 
of a sound of about 70 decibels of loudness During the following five 
trials one-half of the subjects heaid the noise and one-half did not 
No significant noi consist’cnt diftciences in the peifoimances of the 
two gioups appealed It would follow, then, that the change in 
Nebcnrcizc was not veiv effective altliougli it is possible that the 
elimination of the noise might have caused an appreciable decrement 
in score had not the noise previously served as a souicc of distraction. 
That IS, It is conceivable that a tiuc decrease m score due to the 
change in Ncbenrcizc was masked by an inciease in score due to the 
elimination of a major source of distraction Be this as it inav, these 
data do indicate that the elimination of piominent Nebenrcize is not 
always haimful to one’s skills 

Rcflrencfs 

1 Farnsworth, P R E^aimnations in fnimhai and unfamiliar sur¬ 
roundings J Soc Psychol t 193+, 6, 128-129 
2, Koerth, W Eye-hand cooidination Psychol Mq7io 0 t 1922, 31, 288-292 

3 Smith, S, & Guthrie, E H Gencial psychology in teims of behavior 

New York Appleton, 1921, Pp xii+270 

4 WiUON, \V E The facilitahng effect upon learning of accompanying 

conditioning stimuli Mastei's Thesi^i, Uiiiv Washington, 1920 

Stanford UnivosUy 
Califoi nia 



A STUDY or THE CORNELL-COXE PERFORMANCE 
ABILITY SCALE WITH SUPERIOR CHILDREN ^ 

Univrtsity of Piiislntigh 


H \/;el Lincoln 


The psychological examination has become a valuable aid in school 
administiation Piognosis of success in school adjustment and aritilysis 
of existing maladjustments aic the woik of the school psychologist 
His basic tool has been the standaidizccl intelligence tc'st, either a 
group pencil and papei test or the Stanfoid-l^iiiet test Witliin limits, 
these have been u'^eful foi piedictivc and diagnostic pin poses, but with 
changing concepts of intelligence the need has been felt foi non- 
language tests to supplenacnt the usual language type 

Studies have shown that wide discrepancies exist between the 
pel foi malice of childieii with low intelligence quotients on nori' 
language tests and then pci foi manee on language tests, discrepancies 
far beyond what we would be led to expect ftom coiiehitions between 
these two types of tests Howcvci, no leseaicli has been published 
that would show us what we might expect from superior children in 
this regald Aie thcic also wide disciepancics between the per¬ 
formance on language and non4anguage types of tests of superior 
children, and if so, what do thev mean^ 

This question is of especial impoitancc in the administration of a 
piogressive school wheic the population is on the whole of supenoi 
intelligence Since stiess is laid on development of the whole peison- 
ality of the child and on concictc cxpicssion of ideas as well as on the 
acquisition of academic skills, piognosis of success must take into con- 
sidciation not only ability to succeed in school woik of the acddemic 
soit, but also ability to abstiact fiom cxpciiencc'?, to perceive iclation- 
ships, and to deal with concietc mntciials, iiicspcctivc of language 
abllltJ^ 

The pioblcm of this lesenrch was one of detcimining the suitability 
of the CornclI-Coxc Performance Ability Seale as a performance 
measure for the guidance of supeiior childicn in a progressive school 
The study developed along two lines, {a) the compaiison of the scores 
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of supeiior Jukhcn on the Coinell-Co\e Scale and on the Stanfoid- 
Binet test and (b) an attempt to deteiimne the significance of the dis¬ 
ci cpaiicies that weie found in some of the cases, 

Tlic subjects foi this study were all childicii with Stanfoid-Bmct 
intelligence quotients of 110 and above in attendance at a pnvatc 
school Tiie luimhci of subjects was 55. Tins was appioximatcly 
50 per cent of the school^s population. 

The langc of the chronological ages of the pupils studied was from 
5 yeais, 6 months to 12 years, 2 months, The median age was 8 veais, 
5 months The children wctc cniollcd in all giadcs iii the school fiom 
kindcigaiien thioiigh sixth giadc. Each giadc was lepresciitcd by 
about the same numbei of boys as guls, iikcvvise the total study in¬ 
cluded about tlic same number of boys as gnls 

The langc of the Stanfoid-Binet intelligence quotients of the Uiil- 
dicn selected foi this stud)'’ was from 110 to 168 The median in¬ 
telligence quotient was 121 96 and the scini-mterquartilc lange 
was 7.39 

The Starifoid-Buict Revision is administeied in this school to the 
child while in the fiist giade or soon after he enters school The 
/0’s used in this research were obtained fioin the files and aie the 
results of tests given within the last five ycais Twenty-seven of the 
Rinet tests* oi just about one-half, weic given within the last year and 
one half From time to time, as a part of the woik of the course in 
intelligence testing, the children in this school have been retested bv 
students, The majority of the childicn of this study have been re¬ 
tested in this manner, and in none of the cases has any significant dif- 
feicncc in /0 been found The Rinet tests used in this study were 
given bv expeiienced examiners, 4+ of them by the same peison 

The Cornell-Co\c Peiformaiicc Ability Scale was adniiiiibtcicd to 
55 childicn It was impossible to obtain mental ages for four of the 
subjects fiom the table of not ms given by the authois because the tables 
do not extend fai enough The highest mental age given on the table 
in 16 ycais, 8 months, the age noim for a score of 260 on the scale 
The four subjects whose scores in terms of mental age were not ob¬ 
tainable, had weighted scoics as follows. 264, 279, 310, and 316 
Since no piovisions are given for cxtiapolation, it can only be noted 
that the mental ages for these paiticular subjects is somewhat above 
16 years, 8 months Obviously these cases cannot be included in the 
statistical treatment of the total data, and, it must be borne in mind, 
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that the statistical lesults fj;ivcn aic those of just 51 of the cases, the 
four cases with the highest weighted scoics being excluded* 

In order I'o have compaiable stores, the Performance Iritclligentc 
Quotient foi each child was found dividing tlic mental age found 
on the Coincll-Coxe test by his chronological age Tins will be re¬ 
ferred to as the P I Q in accoidance with the practice of the authors 
The range of P I Q's (51 cases) was 90 to 165, the mean, 128 98, 
and the median, 130 16, The standaid deviation was found to be 
16 90 The pioduct moment coiielation between the Intelligence 
Quotients found on the Binet Simon test and the P I Q’s foi 51 cases 
IS 378± 08 The authois (1) found a correlation of 79 Very little 
may be infeiiecl fiom oui coefficient inasmuch as the piobable enor is 
so large 

On some cases there was gicat divcigcncc between tlie P 1 Q, and 
the Binct IQ For convenience sake, when the P LQ is higliei tlian 
the Ihnct IQt the deviation is called a plus deviation, and the subjects 
showing such scoies ate called plus deviates. Wheie the Rinet IQ 

15 higher, the deviation is called a minus deviation, find the subjects, 
minus deviates The lange of deviations is from a mums deviation 
of 26 points to a plus deviation of 46 points The numbci of plus 
deviations (P I Q gieater than Binct IQ) was 31, with a mean of 

16 3 The number of minus deviations (Rinet IQ greater) was 18, 
with a mean of 9 0 

Inasmuch as the table of noims for bovs and girls scpaiatcly shows 
that, on the whole, girls score lowei on tins scale than do bovs, 
P.I Q’s were figured for each subject from the table of scpaiatc norms 
The pioduct moment coefficient coirelation between the P I Q *s fiom 
the sepal ate norms and the Binct IQ's was found fo be 313dz 09, 
This coefficient was figured on 47 cases because tiic lughest scoics arc 
248 for bovs and 238 for giils, both equal to a mental age of 14 ycais, 
0 months The four scoies omitted in this calculation weic 251, 
254, 258, and 260 

The second part of this study was undertaken in an cfloit to explain 
the significance of wndc discrepancies between the P I Q and Binet 
IQ of individual childien Tt was thought that these discrepancies 
might be indicative of the picscncc or absence of special abilities 
That these two tests measiiie to some extent diftcieiit abilities is shown 
by the coefficient of alienation of the correlation between the Binct and 
the Coinell-Coxc, found by the authors of the scale to be 607 Since 
one of the objectives of this studv was to dcteimine the suicabiiitv of 
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this scnlc as a clinical mcasuic for the guidance of supeiior childien, 
It Wc'is felt that if an explanation of these discicpancies could be made, 
It would be of utmost importance 

All individuals showing deviations of moie than ten points of P.I Q 
citlici above oi below the Binct IQ weie selected foi study This 
critcuon of selection is aibitiaiy and includes 28 individuals, oi about 
onc-half of the oiiginal numbei studied. Seven of these weic minus 
deviates, 21 wcie plus deviates Thiee lines of inquiiv weic followed 
in an eiioit to determine the piescncc of special abilities oi tiaits In 
the first place, since each test of the Corncll-Coxe mcasiiies a specific 
ability, tlic scoie of each test was compaied with a calculated avciagc 
score, Second, Stanford Achievement Test scores were compared 
with Binct IQ's and P.I Q,'s for the group of plus deviates and for the 
group of minus deviates And thitd, each child was evaluated on a 
check-list of tiaits with leferencc to the diiection of deviation 

Analysis or Separate Tests of the Cornell-Coxl Scale 

In order to get an indication of the relationship of the scores on the 
separate tests of the Cornell-Coxc stale to the total score, an average 
weighted score was obtained by dividing the total weighted score by 
six, the numbci of tests, and compaiing each separate wciglited score 
with this average score Then the pcicentage of each group (plus 
deviates and minus deviates) vaiving above and the percentage vary¬ 
ing below the average score wcie computed foi each test The dif¬ 
ferences between these pcicentages were then compared with the 
standard errors of the differences. 

It would be well at this point to mention the specific abilities which 
each of the sepaiate tests of the scale attempts to measiiie The 
Manikin-Profile Test, the authois quote fiom Pintner-Paterson, pic- 
supposes on the pait of the subject an ability to read a diagram, to 
perceive the seven pieces of the profile as a he«ad, to synthesize the 
various parts into a whole The Digit-Symbol Test aftoids a measure 
of a certain routine kind of learning ability The discussion of the 
ability measured by the Memory-foi-Designs Test is taken from 
Teiman The authors quote as follows: 

Without some analysis it woiilcl hardly be possible to remem¬ 
ber the designs at all The memory span foj unrelated 

objects is far too limited to permit us to grasp and retain that 
number of unrelated impressions Success is possible only by 
grouping the lines according to their relationships, so that 
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several of tliein aic given a iiniiaiy value and are remeinhered 
ns one. 

The Cube-Conbtiiiction lest a test of mental imaf^cry The 
Pictuie-Complction Test measiiies appeiccptionsj eliminating the 
factors of ttaimug and of special ability or disability m language 
The Block-Designs Test (2) requires 

the bienking up of each design presented into logical units and 
a reasoned manipulation of the blocks to reconstruct the oiigiiial 
design The lesults of tins activity yield a fair index to this 
analvtic-synthctic powci which we have termed ''intelligence ” 

The comparisons between the separate tests and the avciage scoics 
are given in Table 1, In oidci to claiifv this table, the following 

TABLE 1 

A Comparison or rat Separape Tests on tiil Cornei l-Co\e, Showing the 
PercentAC t oi Each Group Scoring HtrrtR Than the Avlragi 
Score, and the Percentage Scoring Lower 


Plus Deviates Minus Deviates 

Highei % Lovvei 9^ Higher % Lower Diff 


Test 

than Av 

than Av 

than Av 

than Av 

Diff 

’’nm 

"iNfr 

MP 

70 

30 

+3 

57 

27 

214 

1 26 

BD 

65 

35 

29 

71 

36 

20 0 

1 8 

D S 

5 

95 

43 

57 

38 

196 

1 98 

MD. 

20 

80 

29 

71 

9 

192 

47 

CC 

37 

63 

43 

57 

6 

21 9 

27 

PC 

47 

53 

14 

86 

33 

170 

1 94 


example is given The first line of data may be interpreted to read 
that on the Manikin Profile Test, 70 pci cent of the group of plus 
deviates made scores highei than their calculated aveiage scoics, 30 
pci cent scored lower than then average scoics Of the minus 
deviates 43 per cent scored higher and 57 per cent scored lower. The 
diffeiencc between the two groups is 27 pci cent Tile standard error 
of the difference is 21.4, and the difference divided by the standard 
Cl 101 of the dilfeience is 1 26 

From the table it may be concluded that none of the sepaiate tests 
contribute significantly more or less to the total score in either the 
group of plus deviates or in the gioiip of minus deviates, since in no 
case IS the difference gieater than three times the standard error of 
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tlic citftciencc Thiec of the tests show fairly significant Hificicnccb 
l^licsc tests were the Bfock-Desigris Test, tlic Digit-Symbol Test, and 
the Picture Completion Test, From this it might be concluded that 
the plus deviates do relatively bcttei on the Block Designs Test than 
they do on the otliei tests, and consequently that they excel in -inalvtic- 
S 5 mtlictic power The plus deviates do idatively poorei on the Digit- 
Symbol Test, this might indicate that thcii othci abilities suipass 
their loutine learning ability The minus deviates do idatively pooicr 
on the Block-Designs Test, possibly they lack analytic-synthetic power 
in compaiison with then other abilities The minus deviates also 
SCO led relatively lower on the Picture Completion Test, a test of ap- 
peiccptions, than they did on their other tests 

Comparison or AciiicvEMENr Tpst Scores of the Two Groups 

The New Stanford Achievement Tests aie administeicd as a pait 
of the regular work in this school in giades three tliiough six Scores 
aie obtainable foi 16 of our 28 cases of the second pait of oui study 
Of these, three wcie minus deviates, and 13 wele plus deviates Little 
could be done statistically with these scoies because the number of 
cases was small Con dations between the Staiifoid Educational 
Quotient, obtained by dividing the educational age, lead fioin the 
norms, by the chronological age, and the Binet IQ was found by 
Spearman’s foimiila for rank difference method to be ,784, N—16 
Correlation between the Stanfoid Educational Quotient and PJ,Q 
was found by the same method to be 327 Examination of the data 
showed four cases in which the Educational Quotient was gie.itei 
than the Binct IQ Two of these cases were in the gioup of plus 
deviates It will be remembeicd that the total number in cadi of 
these gioiips was three and 13 respectivcLv 

Analysis of the Two Groups ry Mlans or a Chfck List or 

Traits 

Du ling the administrcition of the CoinclUCoxc tests, diftcrcnces in 
personality and in methods of attacking problems weie noted Tt was 
tboiigbt that possibly these might be of assistance in exphiining the 
Avide divergence between the two tests A list of these pcisonality 
traits was compiled To these were added several statements con¬ 
cerning the child’s handwork, his woik in dancing and ihythms, his 
language ability, and his physical traits This made a list of 17 paired 
traits This list was submitted to the teacher in an inteiview Terms 
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as appeared on the list weie defined and explained dining tiic 
interview and interest elicited ‘^Attention” and ^‘persistence” weie 
limited to mean quality of attention and persistence in academic work. 
Tile following comments weic made about thiec of the children 
“attention poor because she is slow in following the class discussion”; 
“J IS persistent and attentive when genuinely interested, as in things 
involving reasoning”, ‘^attention good as long as he is doing something 
with Ills hands These three children weie checked as having pooi 
attention, good attention, and poor attention, respectively The pan 
of traits designated as “impulsivc-stoIid” was found not to aiipiv to 
many of the childicn, so in many of the cases, it was nccessaiv to 
disiegard it The tcachcj du) not know, at the time of tlie intcivicw, 
of the results of the CoincU-Coxc testing, and the tiaits weie not 
checked, whcie judgment was questionable Table 2 sliows tlic pei- 
centages of each gioup (plus deviates and mums deviates) that weie 
cl^cckcd for each trait It shows also the difterences and tlie standard 
Cl rors of the differences 

Only one of these paired tiaits is to be found in oiii two groups 
with statistically significant difference Tins pair is the one ue have 
called “attention good—attention pool.” One hundied pei cent of the 
minus deviates (Binet JQ higher than P I Q ) wcic cliccked as hxivmg 
good attention; whereas only 63 per cent of the plus deviates weie 
checked as having good attention The dtffcicnce licic is 37 per 
cent and the standaid error of the difference is 11 0 In one othei 
tiait, the difference is faiily significant This tiait is tlie one desig¬ 
nated as “socially mature—socially immature ” Si^tv-cigkt per cent 
of the plus deviates weie checked as socially mature , only 20 pei cent 
of the minus clewntes were so checked 

It was anticipated that the two gioiips would show some diffcreiKc 
m language ability The authois (I) of the test s.iv, “If ihe 
Peifoimancc mental age is significantly lowci, the examiner should 
considci the possibility of special veibal ability . ” lUmcvci, the 
two groups show veiy little difference in the two paiied tiaits listed 
undei language ability, “cxpiesses ideas well—has tioiiblc cxpiossing 
ideas” and “talks considerably—talks little ” Hoth of the gioiips cx- 
piess thoir ideas well and talk consulcrahlv, rather than little Two 
c\planations of the diffcienccs bchrcen oiu findings and tJiosc of the 
authors suggest tliernselves Either our check list uas ton tough to 
catch special vcibal ability, or possibly the childicn of this study, 
coming from superior homes and being suhjcded to an extinoidinaiv 
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amoiinl of discussion-tcachiiig in a piogrcssive stliool, are all possessed 
of special veibfil abiljtv in cqinpaiison with an average child 

Conclusions 

1 The P I Q*s foi a group of bUpeiioi childicn aveiage higher 
than do the Binct 1Q\ for the same gioup. The variahilitv of the 
P I Q \ IS also gieater than that of the Binct IQ's 

2 The coefficient of con elation between tlie two tests with this 
giGUp of children is 378rt.08, indicating verv little con elation, 

3 In using this test with siipciioi childicn, theie is a clanger of 
‘Sunning out at the top” with chiUUcn 11 years and above 

4 Deviations between tlic two tests scoies range fiom a minus 
deviation of 26 points to a plus deviation of 46 points. The plus 
deviations aveiagc gieatcr find wcic more frcciiiciit than the minus 
deviations 

5 Fiom the check list, it was determined that a gieater peicentagc 
of plus deviates than minus deviates were giving poor attention to 
academic woik and that a greater percentage of minus deviates give 
good attention Plus deviates maj' also be socially matuie, and minus 
deviates, socially immature, these Jesuits, however, were not statisti¬ 
cally significant 

6 This study points to the possibility that this scale is inadequately 
standaulized at the extremes, and that fuither rcseaich should be 
instituted to determine this- 
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PRLviobs Work 

Similaiity among tiaits of iclatlvcs has seldom been disputed, hut 
the dcgiec of siindaiit\ and the causes of it have been debated Many 
investigations have been made with icspccfc to buch tiaits as cdiiLatumal 
achievement, intelligence, physical mcasuicmcius, suul ollieis 

Thoindilce (27) repoited icsemblanccs of sibling'^ in tlic abilities 
as measured by die Institute of Educational Rcscaicli 'Fests of Selec¬ 
tive and Relational Thinking, Gcncialization, and Oigaiiization as 
60 aftei collection foi attenuation Hait (8), using the Aunv Aljiha, 
National, and Jbnet intelligence tests found a coiielation between 
pans of siblings of 447 McNcmar (17) gave motoi tcbts to 46 
pairs of fiatciiial boy twins and 47 pans of identical boy twins In 
all tests, the coiielations wcic highei foi identical twins than foi 
fiateinal twins Ilolzmgei’s (11) data icgdulmg intelligence agree 
with McNemai’s with respect to the gicatci similautv between 
identical than fiateinal twins Andeisoii (1), while not cntiiely 
convmced, infers that niechaniuil ability is in Jaige nioasiiic an in¬ 
herited one May (18) studied deception in siblings Me found all 
coirelations to be positive, the inajoiitv ranging fiom 20 to 40 
Staich’s (20) work dealt with the achievement of siblings in elemen¬ 
tary school subjects The lowest coiidation was 06 in wilting, the 
lughest, 49 in reading Kiamei and Laiiteibacb (15) investigated 
simitantV of quality of handwiiting between tlic members of sibling 
paiis Then highest coiielation was 27, their lowest, 09 

The above studies have shown latlicr mode i ate dcgices of si mil an ty 
between siblings None howcvci dealt witli stuctlv media meal tests 

Age and Sii\ Din liULNcrs 

Husband and Ludden (13) concluded fiom then stud\ of motor 
skills among men and women that a piactical equality exists between 
the sexes Johnson (14) found only 12 6 pet cent of the women c\- 

^Recewed in the Echtoiial Office on October 21, 1956 
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ceecling the avcjage of the men in tight wire walking. He thought 
this iniglit be due to the fact that the women showed more fear, 
Bryan (2) leported insignificant mean diffeiences between, boys and 
girls m precision Lehman and Witty (16) made lists of activities of 
boys and girls. The boys included 37 of mechanical and motor 
nature; the girls 16 Wells (28) found that women became more 
fatigued by tapping than men and also that they were more responsive 
to affective elements, Young’s (30) data poitray boys slightly 
superior in pattern-seeking ability, girls in skill. Fisher (6) decided 
that pubescent factors must be at work, for girls reached tlieir 
maximum speed at thirteen and boys at fourteen m inserting numbers 
m geometrical forms Both declined tcmpoiarily after that age. 
Whitman (29) also reported a slight decrease in rate at the age of 
fourteen. His subjects removed nuts from bolts Schultz (23) 
stated that boys were definitely superior to girls in a mechanical feed¬ 
ing machine test and that the scores increased diiectly with age. 
Perry’s (22) data give evidence of boys^ superiority in responding to 
the "given” steps in geometry but of gills’ superiority in "link” 
steps Spearman (25), after reviewing number of investigations 
conccining sex diffeiences of a somewhat mechanical nature, con¬ 
cluded that boys arc distinctly superior to girls in the reducing of 
spatial lelations, but that the evidence of this difference being really 
innate is still dubious 

Nature of Motor Abilities 

Seashore (24) has published a number of articles dealing with 
motor skills These skills consist of such units as. eye-hand coordina¬ 
tion, speed of manipulation, precision, and speed in discrimination re¬ 
actions, The average correlations among such skills was .25. Patter¬ 
son and Elliott (20) as a result of a rather comprehensive study of 
the nature of mechanical ability concluded, among other things, that 
it probably docs not involve any single factor and that it is unique 
with respect to both intelligence and motor ability* Harvey (9) m 
revievi^ing the work of Cox, a student of Spearman’s, has pointed out 
that Cox’s conclusion agrees with Patterson’s and Elliott’s in that 
both isolated but tliat? the latter demonstrated it to be made up of 
a number of highly specific factois while the foimci demonstiatcd it to 
be a single gioup factor, Muscio (19) empliasized the idea that there 
IS no such thing as a ‘^motoi type,” that motor capacities are relatively 
independent of intelligence and that from the point of view of voca- 
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tional guidance every occupation will require specific vocational tests 
in the selection of workers Farmer (4) administcied what he termed 
aestheto-kinctic cooidination tests among wliich he found an average 
correlation of 25 Perrin (21) secuied low positive coiiclations 
among a group of 17 motor tests He decided that motoi ability is 
not general but rathei definitely specialized and that a complex motor 
pcrfoimance cannot be explained in terms of a number of unit motor 
functions Garficl (7) got coiiclations compaiable with Penin^s but 
attached more significance to the low positive conditions than Pen in 
did Caitei (3), using the tetiad-differcncc method, found no gcneial 
factor of mechanical ability but rather a number of group factois 
which overlap 

The Problem of ^this Siudy 

The specific problem for consideiation in this study is to ascertain 
what relationship exists between the mechanical abilities of siblings. 
The teim ^^mechanical” as used here pertains to the ability to discern 
relationships among objects as well as to pcrfoim musculai operations. 
The term '^abilities” was used rather than “aptitudes” because the 
latter is quite generally interpreted as though hereditary traits were 
involved. The term "abilities*^ is quite free from such interpretation 
as well as those relating to the acquiicd traits The problem is dis¬ 
tinctly not one of accounting for any relationship that is found between 
the mechanical abilities of siblings. 

Subsidiary pioblems given consideration are: Are there sex differ¬ 
ences? Are there age differences? What is the nature of mechanical 
abilities^ 

In order to ascertain the relationship between siblings with respect 
to mcclianical abilities, three tests of mechanical abilities were given 
to 200 siblings. Subjects were drawn from high schools in East 
Central Nebraska 

The following tests were given* Stcnqinst Assembly Test, Series I; 
Detroit Manual Ability Tasks, prepared by Alexander C Crockett; 
and the Wiggly block, designed by Johnson O'Connor. 

The Stenquist Test required the subject to assemble pioperly ten 
different articles such as, a cupboard catch, bicycle bell, push button. 
Thirty minutes are allowed for this work with a bonus for doing it in 
less time 

The Manual Ability Tasks consist of tliiec parts, the first, re¬ 
quires the subject to screw nuts on bolts, three trials, each of 2 min. 
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duration, the second, rcquiics the packing of 1 iii. cubical blocks in a 
container approximately the size of a cigar box, thicc tiials, each of 1 
mm duration, the thud, a precision test in which the subject places 
the blocks on a nairow board, four Lrifils, each of 1 min duration 

The O^Connoj Wiggly block is composed of nine blocks, eacli 9 in 
long These blocks have iiiegular faces, but when piopcrly put 
together foim a laigc block with six plain sides The subject’s task 
IS to assemble the block tliicc times, as quickly as possible 

Results 

One latlicr simple method of deteimining whethei mcinbcis of the 
same family lescmhk each othei inoic or less than any two members 
of a hetciogencous population is to count the number of times the 
momhcis of the same family vaiy in tlie same oi opposite diiection 
from the mean In the long lun, it would seem that pairs selected at 
landom would both have scoies above the mean as often as they would 
have scores below Means were calculated separately foi each age 
and sex Since 12 of the families contained thice siblings and one 
family four siblings, the total niimbei of pair combinations was 
incieased. In a few instances a subject did not take a pniticular test. 
These wcic due to intenoptions, Table 1 shows that the members of 


TABLE 1 

Number or Times Mfmbers or rrir Same Famiiy Varied in the Same or 
Opposite DinEcnioNs from the Means of Their Respective Anns 


Wiggly 

Block 

Bolts 

Packing 

Precision 

Stcnquist 

S 

0 

S 

0 

S 

0 

S 

0 

S 

0 

58 

59 

67 

50 

79 

38 

63 

5+ 

74 

45 


sibling pairs vaued more often in the same direction fiom the mean 
than in the opposite direction in the case of every test except the 
Wiggly block Hcie there is a difference of one in the opposite 
direction. 

The sum of all pairs varying in the same direction is 351 , of those 
in the opposite direction, 246 Thus there is some indication of 
resemblance, and the computation of reliability measures is suggested 

Tlie second method used in ascertaining the lescmblance of siblings 
was the double correlation method Each individual appears on both 
the and Y axis of the scatter diagram, making both the plots svm- 
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metiical, with N equal to the number of cntiies. Whore there were 
more than two siblings ui a ^anlljy, all combination'? vvere entered-. 
If theie wcie three ui a family, then siblings 1 and 2, i and 3, and 2 and 
3 were entered. Since the double method was usedj there was a total 
of SIX entered for a family of three 

The single interclass method of con elation might have been used, 
providing each family of siblings had been listed alphahcticnlly This 
would have contioiled the age factor Again, the single method might 
have been used had each family of siblings been listed according to age. 
The age factor could then have been determined by the partial cor^ 
relation technique 

Howevci, the intcrclass, double coriclatinnj metliorl appears to be 
the best R A, Fishci (5, p ISO) says, "the intci class con elation 
not an estimate equivalent to an interclass correlation, but is some^ 
what more accurate ” 


The formula, r ^ 1 


<tV 




Was used for finding the correlation. 


Tins formula facilitated the work of correlation and allowed the 
resemblance to be expressed in peiccntagc It is derived from the basic 
fact that correlations may be found either from products of deviations 
or from differ ences 

The correlations obtained between the siblings in each test arc given 
m Table 2 


TABLE 2 

Stahstical RrsuLTs or Sibling Studv 


(t) 

Tests 

(2) 

Pairs 

(3) 

r 


(+) 

ff 

(5) 

crcl 

(«) 

fftio 

(7) 

6-5 

(8) 

Va 

7 10 6 

WB 

Bova 

2S 

— 18 ± 

11 

2.726 

4189 

3 854 

— 334 

—8 

Girls 

26 

,12 ±. 

11 

3 39! 

4753 

5 078 

324 

6 

Bolts 

121 

13 ± 

05 

9.480 

12 334 

13 405 

1 071 

9 

Pack 

119 

52 ± 

04 

21.970 

21466 

31 066 

9 600 

31 

Free 

120 

23 ± 

0+ 

19 590 

23 980 

27 700 

3 720 

13 

Stenq, 

Boys 

34 

19 ± 

09 

8 000 

10 209 

11 312 

1 103 

It 

Girls 

32 

50 ± 

09 

8 570 

8,585 

12.1JS 

3 532 

29 


Since there was considerable indication of sex differences m the Wiggly 
block and significant sex diftcrcnccs in the Stcnquist test the sexes were 
correlated separately. 

Column I contains the names oi the tests Column 2 shows the 
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number of pans of siblings Column 3 gives the correlations 
Column 4 gives the standard deviations of the scores of all cases. 
Column 5 gives the standard deviations of the differences between the 
paired scoics Since the double correlation method was used, these 
differences were taken as both plus and minus. Column 6 gives what 
the sigmas of tlie scores would be if the pairs were selected at random 
and the resulting coirelations weie zero Column 7 gives the difference 
between the sigma of the differences between the siblings and the sigma 
of the differences between pairs with a correlation of zcio Column 8 
shows the per cent of Column 7 to 6. 

An inspection of Table 2, Column 3, shows all positive correlations 
except in the case of the Wiggly block test foi boys. The correlations 
foi packing, piecision, and girls’ Stenquist Tests are high enough to 
be significant since each is largei than 4 times its probable error All 
per cents, too, in Column 8 aie positive except for the same test, 
Wiggly block for boys. It is evident that the higher the amounts are 
m these two columns, the closei the resemblance between siblings. 

The causes foi ceitain tests giving correlations too low to be signifi¬ 
cant may be due to the inferior constniction of the tests themselves, 
errors m administering them, or to the possibility that siblings actually 
do not resemble one another in the traits measured by these tests 
Still another possibility, that no resemblance actually exists, must be 
dismissed with the statement that as far as the data of the present 
study arc conceined, no resemblances statistically significant exist 
Hov’ever, all conelations, except for the boys Wiggly block, are posi¬ 
tive Even here it is positive when subjects who failed to complete the 
test were taken into consideiation 

It was not the pin pose of this investigation to ascertain why sibling 
icsemblances do, o\ do not, exist This would immediately raise the 
natiiie-nurtiue controversy, It would be contentious to assert that any 
sibling resemblance was due entirely to eithei nature or nuitiiie in 
that the contiols for the latter weic not provided, 

TJie results just presented, that is, rather low positive conelations 
between siblings in mechanical tests, are in fail agreement with the 
lesuUs of other studies regarding the resemblance of siblings m certain 
achievement tests The correlations arc lower than those found in 
intelligence tests and also lower than those found where twins were 
used rather than mere siblings. 

The only conclusion that is statistically defensible, is that the score 
of one of a pair of siblings in each of the packing, precision, and girls’ 
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Stenquist tests is predictive of the score of the other one of the pair 
of siblings in the same test Since the correlations are only fair, this 
prediction is by no means infallible. 

Sex Differences 

Two methods of comparing the scores of boys with those of girls 
were used * first, the per cent of boys reaching or exceeding the median 
score of the girls; secondly, the ratio of the differences of the means to 
the sigma of the diffciences of the means, 

Table 3 shows the overlapping of the medians of the boys upon 


TABLE 3 

Per Cent of Boys Reaching or Exceeding the Median Girts’ Score on the 
W iGGi,Y Block, Detroit Manuai, and Stenquist Tests 


Age 

Over¬ 

lapping 

Wiggly 

Block 

F % 

Detroit 

Bolts 

F % 

Mnniinl 

Packing 

F % 

Ability 
Precision 
F % 

Stenquist 
T Score 
F 

14 

B - G 

6 

43 

9 

64 

2 

14 

8 

57 

13 

93 

15 

B - G 

14 

72 

14 

72 

9 

SO 

8 

44 

15 

83 

16 

B ^ G 

13 

68 

14 

74 

15 

79 

8 

42 

17 

89 

17 

B - G 

11 

61 

11 

61 

2 

11 

6 

33 

15 

82 

18 

B ^ G 

11 

92 

5 

42 

4 

33 

5 

42 

12 

100 

19 

B - G 

8 

67 

8 

67 

5 

42 

6 

50 

8 

75 


those of the girls Fifty pei cent indicates equality between the sexes, 
while any pei cent higher than that shows supciionty of the boys, 
The F columns show the numbei of boys who equalled or excelled the 
girls for each of the ages fourteen to nineteen lospcctivcly All per 
cents except for the fourtccn-yeai-olds wcie in favor of the boys on the 
Wiggly block, for bolts, the same condition existed save for eighteen- 
year-olds, for packing, fiftcen-year-old boys equalled the rccoid of 
gills, but only sixteeii-ycar-old boys exceeded the gnls* rccoid; for 
precision, fourteen-ycai-old boys exceeded and nmctecn-ycar-old boys 
equalled the gills, the boys exceeded the giils at all ages on the 
Stenquist test 

A moie accurate method of showing the differences between the 
sexes IS that of finding the critical ratio of the differences of the means. 
In order that critical ratios be significant they must be at least as high 
as three The only test in which this situation existed was with respect 
to the Stenquist test In this test the critical ratios were higher than 
tbiee at all ages except nineteen All favored the hov*?. 
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Boys showed some tendency to c\ccl in the block and bolt 

tests, the girls in the packing and piccision tests Many would agree 
that boys had had more experience in the tests in winch they excelled 
The tendency for girls to excel in packing and piecision seems to 
justify the rather common practice of employing gnls in industries 
where speed and precision aie at a piemuiin 

Age DtpriiRENCEs 

Ciitical ratios weie also found between the differences of the means 
of subjects of successive ages. In no case was a critical i atio significant 
I-fowcvcr the data show a tendency foi the subjects to reach their 
highest eflfiLicncv at ages seventeen and eighteen with a slight falling 
oft at nineteen The onlv exceptions aic foi ninctccii-vefii-old giils 
m the ^Vigglv block and sixtecn-veai-old bovs in packing 

Tlie innges of scores for the mechanical tests aie given in Table 4 


TABLE 4 

Rangus op ScoRis roR Mechanical Ttsis 


Test 

Highest 

Score 

Lowest 

Score 

Range 

Highest Score 
divided hy 
Lowest Score 

*VViggly Block 

1 09 

15 89 

14 80 

14 6 

Bolt 

87 

27 

60 

3 2 

Packing 

213 

71 

142 

3 0 

Precision 

173 

41 

132 

42 

Stcnqiiist (R S ) 

no 

35 

75 

3 1 


♦Eiglitecn students failed to complete the test within the time limits, so 
exact data are not avnilnblc Scores arc cxpicsscd in work units so that 
the lowest score repicsents the best peiformance 


The above data show that the best pcrfornaancc in each test is a 
little more than three times that of the poorest, except for the Wiggly 
block ^^heie it is appioximately fouiteen times the pooicst 

The Nature or Mechanical Ability 

Much has been wiittcn concerning the nature of mechanical ability 
Is one justified in speaking of a geneial mechanical ability or are there 
many unitary traits that constitute this ability^ Conelat'ions among 
the mechanical tests suggest an answei to this question Such correla¬ 
tions are presented in Tabic 5 

All correlations between Wiggly block and other tests are negative 
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TABLE S 


Correlations dctwlln Mlchanicm Aduity Tcbis 

SCOR IS lOR 

Giri s 




Preci¬ 

bten- 

Age W B 

Bolts 

Pack 

sion 

qijjst 

Age — 26 

18 

— 01 

13 

07 

\VB 

— 17 

— 17 

— 35 

— 52 

Bolts 


5+ 

+9 

58 

Pack 



47 

30 

Free 




42 


However, they must be iiitcipieted as positive since the sciiie is in 
units of time foi the Wiggly block, but in woik units for .ill otlicr 
tests 

The fiist line showb the corielatmns betuccii age tind each test 
The highest con elation is between age aiul Wiggly block The lowest 
IS between age and pncking, All these arc so low that tlicy liave 
little or no significance This fact was also slumn in a previous sec¬ 
tion by means of critical latios 

The second line shows low coiiclations between '\Vigglv block and 
bolts and between Wiggly block and packing. Since ability to per¬ 
ceive lelationships is essential in the Wigglv block and speed is essential 
in the other tvvo tests, one would not expect close agicement Speed 
is not the only important element in the precision test, but no good 
reason is apparent foi the higher coii elation, —35, between tins test 
and the Wiggly block, The fan con elation of — 52 between Wiggly 
block and the Stenquist test might paitialLy he accounted foi in that 
both requiic consicleiablc ability to sec relationships 

Line three shows the coirelations bctueeii bolts and packing, pre¬ 
cision, and Stenquist respectively The common element of speed, as 
well as manipulation has alicady been mentioned in icspcct to the bolt 
and packing tests Here a fair coi relation, 54, is found liolts and 
piecision show a coiielation of 49 Some ptCLisiori is also required 
for the bolt test; both require manipulation and speed A f,nr correla¬ 
tion, 58, between bolts and the Stenquist test might possibly he ac¬ 
counted for since each deals with objects quite similai in nature 

In the fourth line, packing and piccision, both lequiring speed and 
manipulation of the same objects, give a correlation of d7 Between 
packing and Stenquist the correlation is 30 Hcic there is manipula¬ 
tion of different objects, speed being stressed m the first test, relation¬ 
ship in the second. 
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In t\\z fifth line, a fan correlation is found between precision and 
Stcnquist Some precision is required for the latter test 

Rathei low correlations, yet all positive with one exception, Jiavc 
been shown to exisf among the mech«inical ability scores of boys, 
Practically the same results may be discerned in an examination of 
Table 6 which presents the lesults foi the girls, 

TABLE 6 


CoRRCfAPlONS DErVVEEN MfcHANICAL AdILITY TfibrS SCORES FOR GlRLS 



Age 

WD. 

Bolts 

Pack 

Preci¬ 

sion 

Sten- 

qilUt 

Age 


— to 

34- 

19 

,2+ 

22 

WB 



— 18 

— 17 

— 24- 


Boli^ 




,37 

37 

,20 

Pack, 





,25 

09 

Prec 






12 


All correlations between Wiggly block and other tests are minus, hut 
must be inteipieted as plus for the same reason as given above for the 
boys. 

Line 1 shows age ns being of little or no significance. 

Line 2 shows very much the same correlation between Wiggly block 
and other tests, with the exception of Stcnquist, as was true of the 
boys. Here the coriclation foi the guls is •—.13 while foi the boys it 
is —,52. The girls^ scores in the Latter tests were much lower than 
the boys, but they were consistently lower so that this offers little 
explanation for the difference in coirelation. 

Line 3 shows results somewhat lower than those of the boys. This 
is especially tiue in regard to the Stcnquist test, a situation winch was 
also evident in the previous line 

Lines 4 and 5 continue to show the same tendency toward lower 
correlations for giils than for boys, 

These low corielations may be due either to the organization and 
admmistradon of the tests themselves, oi to the nature of the traits 
tested. 

As to the administration of the testb, the writer can merely assert 
that the utmost care was taken in following the directions for each 
test given, while concerning the organization and content of tlie tests, 
nothing was done save to utilize those tests whose authors are of 
recognized standing. 

The other possible explanation, that of the low correlations being 
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due to the nature of the traits tested, appears to he the most acceptable 
Hull (12, p 213) says, 

Summarizing the evidence aa to the relations among motor 
activities, we may say that as a rule they correlate very low with 
each other, but they occasionally show rather high correlations 
This la likely to be the case when the apparent similarity between 
the two activities is very marked These facts seem effectually 
to preclude belief in a two-level theory of aptitudes made up of 
complex intellectual and simple motor abilities 


Possible Presence of a Gi neral Factor 


The fact that the coi relations aie positive, even tliough low, is not 
easily dismissed from one’s mind The question arises whether this 
slight agreement between pairs of tests might not be due to the 
existence of a general factor 

The best method of determining whether a general factor is present 
IS the tetiad diffeiencc method. This method was used for the inter- 
coi relations of the bovs’ as well as the girls’ tests 
The tests and the intcrcorrelations were as follows* 



Boys 





Girls 


2 

3 

+ 

S 


2 

3 4 

5 

17 

17 

3S 

52 

1 , 

.18 

.17 24 

.13 


S4 

49 

58 

2 


37 ,37 

20 



47 

30 

3 


25 

09 




42 

4 



12 

1 

Wiggly block 



4 

Precision 


2. 

BoUa 




5. 

Stenquist 


3 

Packing 







Holzmger’s (10) foimula 

was used' 





fl231 = 

/12 

f&i - 

— ? IS / 21 = 0 





Here ^231 is the pioduct of tin (first two subscripts) and (second 
two subsciipts) minus the pioduct of /is (first and third subscripts) 
and / 2 i (second and fourth subscripts) 

The probable error foimula for ri23i is 
2222 

? 12 / la ^21 'f” ^ 8 1 -2 ( ri2 T] H / 23 "H 

Fi 2 ^11 ' 21 -f"' 13 ? 11 ^91 + ^21 

^ 34 ) “1- ^ M2 M3 ' 24 F 31 [ Vi 

The probable error foimulac for all of the tctiads were taken 
duectly from Plolzingcr (10), 


i; 

\/N 
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The tctiads, with then probable eiiois, are given m Table 7 

TABLE 7 


'rLTllADS AND PrOBADI T ERRORS OF MECHANICAL TeSTS 


Tetrads 

Boys 


Girla 



— 0034 It 

0271 

— 0179 It 

02+6 


— 1091 ± 

0+00 

— 0438 it 

0173 

t\^\7 

—dOS7 Hi 

0+13 

— 0259 It 

0333 

^1539 

—.0+76 ± 

0250 

— 0178 it 

0168 

tiiui 

— -2298 ± 

0+20 

— 0319 dt 

0260 

fiasi 

— 1822 It 

0567 

— 01+0 ± 

0286 


— 1316 zt 

0287 

— 026+ H 3 

0198 


— 183+ ± 

0338 

— 0265 it 

025+ 

/itI2 

— 0518 it 

05+9 

— 0001 it 

0300 

/lSl5 

— 0336 It 

0181 

— 0012 it 

0183 

/j3u4 

— 1730 ± 

0+32 

— 0121 d: 

0200 

ti43a 

— 139+ ± 

0+5+ 

— 0109 it 

0224 

tvOlB 

— 0798 It 

0258 

— 0111 it 

0300 

/asSt 

— 0+58 ± 

0+82 

— 0056 ± 

0268 


— 1256 It 

0351 

— 0167 H: 

0261 


An inspection of the tetrads for boys m Tabic 7 reveals that all 
othei tctiads than/ i23Ii/ i 23 C 5 , ^iir52i ‘ind aie laigei than 

twice then probable ciiois Thus ten out of fifteen tetiads do not 
equal zero, consequently, the conditions nccessaiy for pioving the 
TTactor Theory arc not present 

In the case of the girls, the propei conditions are piesent in all 
tetrads except ^1210 

Conclusions 

The purposes of this investigation were fiist, to ascertain if sibling^i 
resemble each othei in mechanical abilities, second, to detenmne the 
extent of sex, age, and individual differences in mechanical abilities, 
thud, to attempt to discovci the nature of mechanical abilities 
Three mechanical ability tests weie given to 200 siblings of high- 
school age 

The conclusions to be drawn from this investigation are 
1. Using the method of variance from the mean, sibling resemblance 
was present in all fests except the Wiggly block 

2 Positive correlations were found between siblings in all test-^ 
except the boys' Wiggly block test Even here, they were positive 
when the boys who did not complete the test were included In the 
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case of thiee tests (the giils’ and hoys’ scores were corrcLitecI 
separately) were the coefficients high enough to he significant 

3 ^Vhen the method of asccitaming the per cent of one sex that 
excels tlie othci was used» hovt» were supetior m the Wiggly block, bolt, 
and Stcnquist Tests, girls wcic supciioi in piecision and packing. 

4 The Ciitical Ratios between hovs’ and girls* scoies weie 
significant onl\ in the Stcnquist Test Here the hoys wcic ilcfinitelv 
superioi 

5 No Significant diftciences were found between any successivc 
ages in any tests Giaphs of mean scoics at each age showed stiong 
tendencies foi both hoy^ and girls to le.icli their highest efficiency at 
ages seventeen and eiglitecn, 

6 Ranges between highest and lowest scores in the mechanical 
tests wcie approximately thiee foi all texts except the Wiggly block, 
hcic it ^yas fouitccn 

7 Negligible to fail con cl at ions were found among the mechanical 
tests, 

8 In fouitecn out of fifteen tetrads for giils, conditions l^ere 
picscnt which would substantiate the TwoTactor Tl^eory; in only 
five out of fifteen tetiads were these conditions tiiic foi boys 
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THE EFFECT OF FUNCTIONAL PERIODICITY ON THE 
LEARNING PROCESS* 

The School fof fcii’Pt t/tinry lenchets 

Orpha Maust Lough 


More thnn three years of the most active part of a woman^ life 
is involved in the destiuctive phase of the menstrual cycle On 
a minimum basis of three days for each catamenial period, these 
ph 5 ^siologlcal changes which occur thirteen times yearly, take place 
during a total of thirty-ninc days, oi twelve per cent, of eacii vcai 
for approximately half of the life span of the avciagc woman, thus 
making a total of moie than eleven hundred days, or, on the basis 
of eight hours to the day, appioximatcly, nine thousand working 
days, 

The study of the effects, both mental and physical, of functional 
periodicity is of greatest importance Now when women are com¬ 
peting more and more with men on a high level of intellectual cHi- 
ciency, the effect of functional periodicity upon mental ability is a 
matter not only of educational importance but also of widcspicad 
sociological and economic significance, 

Although many superstitions have arisen, and though some writers 
have philosophized upon the mental effects of the gynaecological 
periods, little or no accurate scientific information has been obtained 
regal ding the psychological aspects of menstruation in an adequate 
sampling of women of approximately the same age and occupation. 

Numerous studies have been made on the physiological aspects of 
menstiuation but the psychological effect of woman*s physiological 
rhythm has been given but scant consideration. The studies wluch 
have been made by Hollingworth, Eagleson, Seward, and Sowton 
and Myeis, indicate for the most part that there is no reason to 
believe that functional periodicity effects considerably or constantly 
the quality or quantity of woman^s woik. Ordinarily, menstruation 
has no noticeable effect on working capacity among normal, healthv 
women, although there aie individual differences and some women 

•Received in the Editorial OfRce on November 12, 1936 
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find .m appicciablc lowcimg of efficiency during catamenial periods 
Ccitain ciiticisms might be made of these studies In several of the 
investigations, the results wcic based on a incagei numbei of sub¬ 
jects who represented a wide range of ages and were, theiefore, not 
strictly comparable The groups studied wcie highly selected In 
some instances the conclusions were based on inadequate data» showed 
superficial and inadequate statistical treatment of data, or used poor 
techniques In two studies, men wcic used as controls The non- 
mcnstiual period was compared with the menstrual period, whereas 
each phase of the cycle requires sepaiatc analysis and compaiison with 
each of the othei phases The fluctuations which aic found in all 
Icaining ciiivcs were not given sufficient consideration In some 
of the ex per linen ts the subjects weic acquainted with the nature of 
the investigation and thus opened the results to the Influence of sug¬ 
gestion While all of these criticisms do not apply to any one study, 
thej'- aic, nevertheless, indicative of the pioneer chaiacter of the 
work Howevei, each of these studies must be lecognized for its 
contiibution to the undcistanding of the nature of functional peri¬ 
odicity 

This investigation was inspiicd by the gieat need of accurate, 
scientific infoimation legauling the psychological effects of woman’s 
fundamental physiological rhythm The subjects in this study were 
96 unmarued women students enrolled in the first three years of 
a college^ cuiiiculum Their ages langed from sixteen years, eleven 
months, to twentv-five yeais, three months The total number of 
subjects and the small lange of ages would indicate that they con¬ 
stituted an adequate random sampling of women students in the fiist 
three veais of college The subjects came fiom families of approxi¬ 
mately the same social and economic status 

Each subject piovided hei own contiol in as much as eacli of 
the four phases of her meiistiual cycle wa« conipaied with the other 
three phases of her cycle. From the couclations established by these 
comparisons, it was possible to deteirnine the effect of each phase 
upon tile learning process 

The learning test was administeied every consecutive school day 
lor a total of 32 days to 65 students, and for a total of 40 days to 


^Studentg at the llarriettc Melissa Mills Training School for Kinder¬ 
garten and Primary Teachers, 66 Fifth Avenue, Nl‘w Yoik, N Y 
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31 students The leaining test was the digit-sjmbol tvpo and in¬ 
volved the solving of simple stnndaidizcd equations taken from the 
Clapp ^umbe) Goinbtnaiiofi Tesi, Test I These equations were 
expressed in non-anthiiietical symbols, according to the code siipphed 
at the top of each test form. The daily fivc-minute testing peuod 
avoided fatigue effects and functioned in maintaining sustained in¬ 
terest and attention The quantitative data weic delimited to tlie 
scoies on the five foinis of the five-minute leainmg test, Fotms A and 
B of the He7Wto7i-Nehon Test of Mental Abilityj and the Tliurslone 
Pei sonaliiy Schedule, Claik Revision, Faun B of the Plenrnon-Nel- 
son Test of Mental Ability was given dining mciistiiiation and Fonn 
A between the catamenial peiiods 

Regularity of functional peiiodicity, pain dining mcnstination, 
habits of elimination, and habits of woiiy as given fiom mcmoiy by 
each subject on the fiist day of the cxpeiiment, togethci with the 
attributes of emotional disturbance, pain, and worry iccorded daily 
by each subject during the cntiic experiment, constituted the quali¬ 
tative data 

The problem was picsented as only an cxpciimcnt u\ leaining, an 
expeiiment that would enable each subject to detciminc the way in 
winch she herself learned This technique served to keep the sub¬ 
jects naive as to the tiue nature of the researcli and to minimize the 
traditional or psychological effects of menstination On the fiist 
day of the expeiiment each subject was given a sheet of graph papei 
on which she was instructed how to keep hei own iccoid of the total 
number of equations she completed each dav In this wav, each 
subject was motivated by competition with her own past lecord 

Daily records* wcic kept for each suhjcct, (rr) the total niunbci 
of equations completed, (b) the niimbei of equations coiicctly com¬ 
pleted, (6) the number of equations incoiiectly completed Fiom 
these lecoids was plotted the learning cuivc for each subject. Ex¬ 
amination of these parabolic cuivcs indicated that (<?) theie was 
learning (incicmcntal change rcbiiltiiig fiom piacticc and its at¬ 
tendant conditions) , (b) the learning tests were valid, (t) foi each 
subject theie weie daily fluctuations in speed and acuiiacy of leain- 
Jng, (d) the speed and accuracy of learning varied widely from 
subject to subject Foi many of the subjects there appeared to be 

“The data of this icseaich are filed in the library of the School of Edu¬ 
cation, New York University 
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a iliythm in pcifoimancc, but the cause, ^vliethcr innate^ accidental, 
due to the day of the week, mental set, the menstrual cycle, or other 
variables, was not clcaily indicated by inspection 
The raw scoies obtained on the daily leainmg tests were con¬ 
verted into T-scorcs (a vaiiation of the sigma score or 2 J-scoie) m 
Older to make them comparable fiom day to day during the entiic 
experiment The T-scorcs resolved the data of raw scoies into an 
extieinely flexible and usable foim Tlicy made possible the com¬ 
parison of the iccords of each subject, duiing the four phases of her 
menstiiial cycle, with the iccords of othei subjects during their 
menstrual cycles, although the actual expeiimental days on whicli 
each of these phases fell might be widely separated 
TJie T-scorcs on the learning tests weie grouped according to the 
days on which the physiological changes take place in the cycle in 
order to compare the subject’s mental efficiency during the diftercnt 
phases of functional penodicitv Physiologists who have studied 
the physiological cliangcs taking place during tlie menstrual cycle, 
have established four distinct phases (A) the menstrual phase which 
\s the destructive stage, {B) the premenstrual phase, (C) the post- 
menstiual phase; (D) the inteimenstiual phase Coiielations weic 
computed between the aveiagc T-scorcs for the equations correctly 
completed^ and for equations mcoirectly completed on the leaining 
lest foi each of these four phases, Forms A and D of the Henmon- 
Nelson Test of Mental Ability, and the Thui stone Peisonalitv 
Schedule, Clark Revision, as shown in Table 1 and Table 2 
Fiom Table 1 it is apparent that the correlations between the 
average T-scorcs of the equations concctly completed duiing each 
of the four phases of the menstrual cycle weie very high, ranging 
from 9+ib 007 to .97±,005 In Table 2 the coiielatjons between 
the average T-scoies of equations mcoircctlv completed were high, 
ranging from 71=t.033 to 79±*026, but wcie not as high as foi 
the equations correctly completed. This difference in the relation¬ 
ships was piobably due to the fact that ordinalily the number of 
equations incorrectly completed was very small, when a few of the 

^Hereafter, the scores on equations correctly completed (right) arc des¬ 
ignated w^,merstiual phase, 5, picmenstriial phase, postmenstriia 1 phase, 
i), intermenatrual^ phase The scores on equations incorrectly completed 
(>TronE) arc designated n, menstrual phase, premenstrual phase, c, 
postmensirual phase, dj intermenstruni phase 
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subjects made a number of cnors, the means and the standard 
deviations (conbequentlv, the T-scoiea) wcic greatly a:ffectccl There 
were no statistically ichable differences between the aveiage T-scoics 
on the learning test for any one phase of the inenstiual cycle and any 
other one of the phases of the physiological cycle, eithei foi equations 
coiicctlv completed or foi equation'; mcouectly completed 
There weie no statistically leliahle diftciences between the Forms 
A and B of the Henmon-Nelson Test of Mental Ability and the 
aveiagc T-scorcs on the learning tests> duung each of the four phases 
of the inenstiual cycle The cntical latios between Form A of the 
licnmon-Nclson Test given between menstiual pcuods, and Form 
B given duiuig mcnstiuatiou, weie not significant statistically Like¬ 
wise theie were no statistically leliable diffcicnccs between learning 
ill the foul phases of the inenstiual cycle and neurotic tendencies as 
measuieil by the Tliuistone Tcisonality Schedule, Claik Revision. 
Neuiotic tendencies as indicated by this test appear to beai only a 
slight negative or a dm nee iclationship to the leaming test used 
in this experiment 

Analysis was also made of tlic scotes on the following specific 
dav'? of the menstiual cycle’ (/fl) the fust day of menstruation, 
(A2) the second day of menstination, (-54) the Libt day of the pic- 
menstrual phase, (Cl) the fiist day of the postmcnstrual phase, 
(DZ) the day midway between menstrual peuods Correlations 
were computed between the foiegomg vanables, Forms A and B of 
the Hcwmon-Nelson Test of Mental Ability, and the Thurstone 
Pcrs^Diiality Schedule, Claik Revision, foi equations coucctly com¬ 
pleted, as given in Table 3, and foi equations mcouectly completed, 
as given in Table 4 

Fiom Table 3 it is appaient that the coriclations foi the T-score^^ 
of equations coriectly completed on the specific clays of the menstiual 
cycle Avere high, langing fiom 84=t 022 to 93z!z011, but vaiied 
nioie AVidely and wcie not as high as foi the ayciage T-scoics of 
each of the phases (Table 1) The coefficients of coiielation be¬ 
tween the jT-scoies on the bpccific days of tlic rncnstiual ca'^cIc and 
the tAA^o forms of the Henmon-Nelson Test of A'Icntal Ability wcic 
eithei slightly negative oi approximately zeio, aaIiicH was also tiue 
for the Thurstoiie Pcisonahty Schedule Tlieie wcic no statisti¬ 
cally reliable difterenccs belAA’ccn intelligence and ncuiotic tendencies 
(as nicasuicd by these tests) and the T-scoies ot equations coricctly 
or incoricctly completed on specific daj’s of the menstrual c^^cle, 
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As given in Table 4, the coriclations foi the T-^^uncs of ciiua- 
tions incorrcLtlv completed on specific days of the mciiituial c\'l1c 
langcd fiom 41rt 064 to 76±,036 The coefikicnts of coiicla- 
tion foi equations inconectlv completed on vaiioiis s]ict.ific (lavs of 
the mciistiual cycle vaned much more ^videlv than foi equations 
coiicctly completed (Table 3) The means and standard deviations 
of the T-scoies for the specific days of the mcnstiual cycle and foi 
the average T-scoies of the four phases of the menstrual cycle are 
given m Table 5 


TABIxE 5 

Mlans and Standard Deviations or r-ScoRrs> Correct and Incorrf(.t 
Equations, on First and Second Days oi Mlnstruahon (y/1, /72), 
Lasj Da\ or ParMLNSTRUAL PiiAsi (/il), First Da\ or Post- 
menstrual PiiAsr (Cl), Mid-Day iNrrRMFNsrRUAi Phasp 
(D2), AND AVLRAGF r-ScORP IN EacII or TUT 
Four Phasps 




Coirect 

equations 

Incorrect equations 



Mcnn 

Stand Dev 

Mean 

Stand Dev 

Ave A 

96 

49 &8 

9 59 

48 95 

6 62 

Ave B 

96 

*19 S2 

9 96 

50 17 

7 92 

Avc C 

96 

5014 

9 46 

42 23 

7 48 

Ave D 

96 

49 07 

938 

50,32 

8 44 

A\ 

88 

49 67 

10 95 

48 93 

10 67 

A2 

109 

49.12 

10 46 

45 73 

8 90 

/J4 

117 

48 75 

9,79 

50 33 

931 

C\ 

107 

50 39 

9 09 

49 06 

9,49 

D2 

121 

49 15 

10 71 

49 31 

11 31 


Reliability of diiPerences between 

nicdns 





Difference 


IiiLoncct equatums 

1 ^ 1^ dice means 

Ciitical ratio 


R+ nnd A2 

82 

4 60 


5 63 


Al and A2 

96 

3 20 


3 34 


D2 and A2 

1 03 

3 58 


3 47 


The ciitical latio between the means of the T-scoics on equations 
incorrectly completed on the day pieced mg menstruation (^>4) and 
the second day of mcnstiuation {a2) is 5 63 and is, theiefore, a 
statistically reliable difference. Howevei, this is the only statisti¬ 
cally reliable difference between the means In Table 6 is sum' 
marized the piobable cnors of the diffeiences of the means and of 
the coefficients of con elation, together AVith the critical ratios Table 
6 is based on the data given in Tables 3 and 4 
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TAliLE 6 

Till PROnAnn Errors or Dm ERENCLb 


(Based on Tables 3 and 4) 


Probable eiroi 
of difference 



Cntical 

ratio 

Probable enoi 
of difference 


Cl itical 
ratio 

^ Mn2 


S17 

5 6 

^ ml cl ml (12 ~ 

= 073 

3 1 

P ^'Slnl Mri2 

— 

9S& 

3 

^ rii2 M m2 nl “ 

^ 070 

3 8 

P ^ M(I2 JTn2 

— 

1 032 

3 5 

^ ni2 cl-ift2 nl “ 

-.071 

3 8 

^ rAl A.2-rAl HI 


029 

14 

^ in2 tl2 ra2 al ^ 

- 068 

3 7 

^rAl 01-1 Al A 2 


021 

23 

^ ^ lUl n2-rb<l nl 

= 061 

3 0 

P ^ rAl Cl rAl B1 

— 

025 

3 5 

^ in2 bi iljl tl ' 

= 073 

48 

^ lAl 1)2 lAl HI 

= 

028 

I S 

ibJ fiJ ibl (12 ■ 

= 053 

3 3 

^ ^ rAl 01-1 Al B2 


020 

24 

^ ^ rb 1 sil rb 1 cl 

= 082 

2 0 

^ ^ rA2 Cl'rA2 HI 


026 

8 

^^ian2iabi "" 

= 075 

48 

^ rm 01 rBl Al 


027 

2 1 

^ itl ii2 icl nl ■ 

= 060 

1 2 

P ^’rAl Cl lOl D2 


020 

3 3 

^ icl nl-icl b4 “ 

= 080 

3 5 

P ^ rA2 IIA rA2 HB 

082 

32 

P^ielnlicld2 " 

- 069 

27 

»cl n2 rel <12 

— 

061 

41 

^ ^ ul2 n2 1(12 nl ■ 

= 063 

43 





^ ^ 1(12 a2 rrt2 ol 

=’ 057 

41 


From Table 6 it is evident that theie ai e statistically reliable 
(lifteiences between the conelations ot the T-scoies on specific davs 
of the inenstiual cycle A ciitical cxaminalion of the statisticallj' 
reliable critical latios of the piobablc euois of the diffeiences of 
the coirelations of equations incoiiectly completed^ indicates that 
in the five ciitical ratios of 4 00 oi moic^ and in the two critical 
ratios of 3 8^ the coristaatly rccuirmg vauable is al^ the T-scores 
of the equations incoiiectly completed on the second day of men¬ 
struation* On the second day of nienstiuation the dcstiiictivc pio 
cesses are at their height In as much as the mean of the T-scores 
on the second day of mcnsti nation is lower than foi any other of the 
specific days of the menstmal cycle oi foi the aveiage T-scorc of any 
phase of the menstrual cycle (Table 5), on this day accuiacy is 
increased 

Regularity of mcnstiuation, p«T.in duiing the catamenial periods, 
worry and elimination have been held as factors influencing mental 
efficiency duiing functional peiiodicity. Thciefoie, a caieful analyi>is 
was made of the relationships between physiological periodicity and 
these qualitative vauables On the fiist day of the expciiment le- 
membered infoimation was seemed fiom each subject on these attii- 
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biites and the contingency coefficients computed, The coefficients of 
contingency weie so small, langing fiom 04 to 30, that tlie‘.c attri¬ 
butes given from mcinoiy appear to have little significrincc 

Fiom each subject was also obtained a dailj^ iccoid of the piesence 
01 absence of emotional distiiibance, pain, and worn The con¬ 
tingency coefficients foi these attiibutcs weic computed foi the specific 
days of tlie mcnstiiial cycle and aie given m Table 7 

TABLE 7 

Contingency CoErriciENTs^ nnwriN Emoiionai Disr uriiancf, Pain, 
Worry, on First and Second Days oi MFNsrRUAnoN (71, J2), Last 
Day or Pkemlnstruai Phasf (/U), Firsi Day ot Post¬ 
men stru at Phase (6T), Mid-Da\ or Intirmlnstruai 
P lIASF (D2) 


Day 

Emotion 

Pam 

Emotion 

Worry 

Pam 

Worry 

/71 

OS 

65 

01 

A2 

IS 

33 

78 

/3+ 

85 

16 

.23 

Cl 

03 

39 

42 

D2 

85 

,80 

15 


♦Corrected for bioad Eroiiping 

The lelationships between the attiibutcs of paiii, wouy, and 
emotional distiiibnnce vaiied widely on ceitain specific days in the 
cycle and appeal to be related to physiological peiiodicity The high 
relationship between pain and woiiy on the second day of the cata¬ 
menial period, when destiuction of tissues is at its height, appears to 
be a factor influencing the statistically significant difference in equa¬ 
tions incoiicctly completed on the second dav of nicnstiuation 

The bisciial ;^s weic computed between the T-scoies on the leaiii- 
ing tests and presence oi absence of the qualitative vaiiahles, emo¬ 
tional disturbance, pain, and woiij, on specific dajs of the menstrual 
cycle, and aie given in Table 8 

Fiom the biseiial i's there appeals to be little lelationship between 
the number of equations coiiectly completed oi incorrectly completed 
and the qualitative vaiiables of worry, paiii, and emotional dis¬ 
turbance, except for a slight relationship between the presence of pain 
and equations mconectly completed on the fiist day of menstiuation 
This intensive icscaich on the effect of woman’s physiological 
rhythm on mental efficiency as shown by the learning process, has 
resulted in ccitain significant findings The usiitil supposition of 
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TABLE 8 

BrsiRiAr ;'s nEnvECN Correci and Incorrcct Equations and Emotion\l 
D isruniiANCE, Pain, WorrYj on First and Second Days of Men¬ 
struation, Last Day of Premenstrual Phase, First 
Day or Post menstrua! Phase, Mio-Day or 

INTERMI NSTRUAL PHASE 


Dav 

Cm rut equabans 
Emotional 

Dist Pain 

Woiiy 

Day 

Incorrect 

Emotional 

Dist 

equations 

Pam 

Worry 


— 12 

17 

13 


— 16 

— 35 

09 

^2 

0 + 

07 

16 

a2 

— 12 

00 

09 

B4 

01 

— 14 

19 

in 

— 03 

22 

01 

Cl 

— 05 

— 11 

20 

cl 

27 

12 

07 

D2 

— 02 

— OS 

07 

d2 


30 

02 


Tclfitive mcompetency and inefficiency dnrmg functional periodicity 
IS not suppoitcd by this study* Mental efficiency as indicated by the 
learning piocess is not loweied during any of the phases of the mcn- 
stiual cycle Othei things being equal, functional periodicity should 
be no obstacle to wonicn^s success m business or in piofessional woik 
which involves principally mental activities It should be noted that 
this maintainance of efficiency relates to mental activity in the group 
as a whole, and does not refer to motor activity oi efficiency in 
women suffering fioin abnormal gynaecological conditions 

In young women of this age and occupation, the phybiological 
changes accuiring during the menstrual cycle appeal to have only 
slight or chance relationship with neurotic tendencies as measured 
bv the Thurstone Peisonality Schedule, Claik Revision The neuro¬ 
tic tendencies measured by this test seem to have little oi no effect 
upon mental efficiency as shown by the learning ptocess The scoies 
on mental tests taken by women subjects during the destiuctive 
stage of the menstiual cycle, will probably not be significantly 
affected as woman’s physiological rhythm has no statistically reliable 
effect upon intelligence as mcasuied by such a standardized test as 
the Hcnmon-Nelson Test of Mental Ability The inclination to 
mental effort may be reduced by the physiological changes occuiiing 
during the first days of menstruation, but mental efficiency is not 
affected. A similar tendency has been found in studies of fatigue. 

Accuracy vanes duimg the different phases of the menstiual cycle 
although mental activities which rcquiie only speed aie not affected 
by functional pciiodicity. The fluctuation m accuracy is outstanding 
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on tlic second day of the catamenial pciiod On this day the destruc¬ 
tive stage of the phj^siological pioccss is at its maximum, theic is a 
high iclationship between pain and woirv, and thcie is an actual 
decieasc in the number of criors It seems reasonable to assume 
that the laipc variation in accuracy mav be eithci the direct result 
of the physiological changes oi may be due to compensation for tlie 
distiactions of pain and woiry which, m turn, may be induced bv 
the physiological changes. In this study, the competition of tlic 
subjects with then own past records, and with othci subjects, mav 
Imve supplied the motivation foi increased cftoit lesulting in com¬ 
pensation 

Eveiy woman should be cognivant of the fact that the physiological 
cliangcs on the second day of nicnstination tend to pioducc a depres¬ 
sive attitude winch, in turn, tends to result in woriv Thus the 
physiological changes condition the subjective attitudes toward ob¬ 
jective stimuli Similaily, the physiological changes pioduced by 
ceitain drugs, such as opuim and alcohol, by certain diseases, for 
example, aciomegaly and diabetes, and by fatigue, likewise have a 
direct influence on emotional attitudes 

The gynaecological changes on the second day of menstruation 
tend to increase accuiacy, probably due to compensation, and to pro¬ 
duce the subjective attitude of worry, To accomplish the same 
results, more positive motivation is needed than on other days, Oji 
this dav, theiefore, even though mental efficiency is not affected, 
women should plan thcii work in such a wiiv that there will be a 
minimum of irritation They should recognize the fact that, if 
iriitations do arise and theie is a tendency to woiry about them, the 
exaggeiation is due to the physiological changes in progiess. 

Conclusions 

The conclusions fiom this study may be summarized, as follows: 

1, The validity of the learning tests was shown by the paiabolic 
cuives of learning for each subject 

2 The small range in age and the number of subjects participat¬ 
ing would indicate that the group constituted an adequate random 
sampling of women students between the ages of seventeen and 
twenty-foui years, enioiled in the hist tliiec years of college 

3 Learning progresses duiing the four phases of the menstrual 
cycle with no demonstiablc diffcicnccs on the basis of the T-scorcs 
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4 Tlic cuiielations and iiitejcoiiclations between the aveiage 
T-sccics of equations conectlv completed duiing each of the foui 
phases of the menstiiial cycle aic exceedingly Iiigh, 

5 Th^ correlations and iiUeicoiidations between the avevage 
numbei of equations incouectly completed during each of the four 
phases of the menstiual cycle arc high, but not as h\gh as for the 
equations concctly completed, due to the small numbei of equations 
incorrectly completed 

6 . Functiomil pciiodicity has no dcmonstiable effect upon intel¬ 
ligence as measuied by the Henition-Nelson Tests of Mental Ability, 

7 Thoic is Only a slight oi chance lelationsliip between learn¬ 
ing dining the foui phases of the menstiual cycle and neuiotlc ten¬ 
dencies as mcasuieti by the Thin stone reisonality Schedule, Clnilc 
Revision 

8 , The low coefficients of con elation and the high piobablc 
eirors between the scores on the Thin stone Personality Schedule, 
Claik Revision, and on the Heninon-Nclson Tests of Mental Ability 
Indicate that there is only a slight negative oi chance lelationship 
between scores on these tests, 

9, On the basis of the T-scores, functional periodicity appaiently 
has no effect on collect iespouses on specific days of the menstiual 
cycle, except pci haps on the fiist clay of menstruation 

10 i\dental activities winch require accuracy vaiy with func¬ 
tional pci lodicity, especially on the second day of menstruation when 
the destructive processes aie at their height. The accuracy on the 
second day of menstruation is statistically reliably incieased in sub¬ 
jects of this age and occupation. 

11 Mental activities winch require only speed arc not affected 
by the gynaecological periods 

12. Thcie IS only slight or chance icIationship between certain 
mental and phj^sical h«ibits—rcgulaiity of mcnstiuation, pain duiing 
catamenial periods, won 5 ’^, and elimination—as given from memory. 

13 . Although, as given from memory, there is only a slight lela- 
tionship hetrveen pain during physiological periodicity and worry, 
tlie relationship between pain and worry repo 1 ted daily varies widely 
on specific days of the menstrual cycle The high relationship be¬ 
tween pain and woiry on the second day of the catamenial period 
appears to be a factor influencing accuracy 

14 . There is only a slight relationship between the number of 
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equations correctly oi inconcctly completed ami the qualitative attri¬ 
butes of pain, woiiv, and emotional disturbance, 

15 Altliough the inclination to learn may be aftected by the 
catamenial periods, mental efficiency, as measured by coiiect responses 
on the five-minute learning tests used in this study, is not affected 
in subjects of this age and occupation. 

Physicians, sociologists, psychologists, employers in offices and 
factories, and the many others who find these physiological changes 
an extraneous vaiiable in tlicir dealings with women, may gain from 
this study a bcttei uiideistanding of the effect of woman’s physio¬ 
logical rhythm upon hei mental activity and efficiency Women 
themselves may have bcttci insight into then own attitudes and 
moods during the gynaecological periods This study should aid 
women in making bettci adjustments and thus conLiihiitc to tlicir 
happiness and well-being, 
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CORRELATIONS OF CHRONOLOGICAL AGE, MENTAL 
AGE, AND INTELLIGENCE QUOTIENT WITH 
OTHER ABILITIES AND TRAITS IN GRADE I*^ 


Unfit a Colli ge a fid Columbia University 


Frank T Wilson and Ceciie White Fiemming 


Introduction 

Duung tile school year 1933-34 a vaiicty of tests was given to 25 
children in Grade I of the Horace Mann School, Teachers College 
Tliesc included tests of “reading readiness ”; many of the Gates 
Reading Diagnosis tests, some reading achievement tests; mental 
ability testsj such as the Stanfoid Revision of the Binct-Simon tests 
and various perfoimance tests, certain psycliological tests, ns of per¬ 
ception and peiseveration, and seveial measures of psycho-plivsical 
and personality tiaits and of home background The puiposc of the 
study was to examine any possible relationships that might exist 
between measurable tiaits and abilities, and early pi ogress in the 
mechanics of rending. 

Tlie cliildrcn of the gioup came ftom well-to-do homes, A large 
peicentagc of the paicnts wcie piofcssional people The following 
averages for these pupils were found* 

Chi onological Age 6 31 

Mental Age 7 61 

Intelligence Quotient 120 6 

Nearly every test and measuieincnt was given oi made indi¬ 
vidually, under carefully controlled conditions, and by leliable per¬ 
sons accustomed to adniinistciing tests to 3 ^oiiug childien The co 

'^Received m the Editoiial OITicc on November 27> 1^36 

Tins report presents a minor phase of a study of Reading Readiness 
and Rending Progress in the Piimary Grades of the Horace Mann School, 
Teachers College, New Yoik, 1933-36 Tina study has been made possi¬ 
ble by the cooperation of Miss Agnes Burke, Teacher of Grade I and other 
teachcra of tlie Kindergarten and Primary Grades It Kaa been made under 
the supervision of Doctoi Cecilc White Flemming, Director of Pupil Indi¬ 
vidual Development and Guldfincc, and of Doctor Rollo G Reynolds, Prin¬ 
cipal Prepared with the nssistaiice of the U S Works Progress Adminis¬ 
tration, New York Citv, project number 65-97-295, snb-project 25 
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operation of the pupils was filmost iiivaiiably excellent It is believed 
for these reasons, that cnois of examination were unusually low 

This report piesents data in terms of coirelations of cluonologi- 
cal age, mental age, and intelligence quotient with 106 other meas- 
uics and appiaisals of the pupils The correlations wcie obtained 
by the lank outer method To 5.ecmc the lank: orders all measuics 
and appi»aisaJs were ieduced to numeiical scoies. Owing to lack of 
facdities it was not feasible to make all the computations that were 
possible in the oiiginal study A finder” device was used to select 
foi computations the conelation% which seemed to promise signifi¬ 
cance It IS believed that thiough the use of this device, although 
It was not altogetbex accuiate, all the high and fanly high coire¬ 
lations iveic found The coiiclations omitted wcie piobably below 
.50, and most of them probably nearei zcio than 50 Tlie PE of 
rho’s, when A^=^25, range from i 5237 for 90 to ± 1335 for 10. 

Tlic validity of many of the measuics and appraisals is unceitain 
Few coirelations of secniinglv unusual size weic obtained, however, 
and few whicli weie Inconsistent with othci coi relations foi the 
same kind of tiaits and abilities as found ui the complete data of the 
oiiginal study. The opinion of the teachei, of the school psycliolo- 
gist, and of othei qualified pci sons who have studied the figures, is 
that the results have quite high validity. 

Findings 

Lists 1, 2, and 3 piesent the obtained coriclations of chionological 
age, mental age, and intelligence quotient with the other nieasiiies 
in Older of size As would be supposed, mental age gave a grcatci 
numbei of high corielattons with othci measuics than intelligence 
quotient or chronological age Each of the mcasines gave several 
negative coiichitlons. Mental age and intelligence quotient coiic- 
latccl 81, chionological age and intelligence quotient coiielated 

List i — ^Correi ations or Chronologicai Acf with Other Measures''' 


Gates Pnmaiy Reading Tests, Type 2, Sentencp reading, Mnich 42 

Teacher's ranking m leadmg, Noveitiber prediction » , 41 

Gates Primary Reading Tests, Type l> Ward tecogciuion, November 40 
Hcaly Picture Completion Test, II . 40 

Hddreih First Grade Reading Analysis Test, Matching phrases 39 

Metropolitan Readiness Tests, Vocabulary 37 

Gates Reading Diagnosis Tests, Xlll, 1-2, Write words Fall 37 

Grip , , 36 
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Lisi l-Cc»RRiiAniiNs m Ci.konoi nf.ioAl A, t win. Ouiir Miasuki-s 

(coiitimicd)* 

Tencher’s ranking in Jeading, Nfay ability 

r!!!'! IJtngimsis -IMS, XT, ]. Repeat nonsense syllables Fall 

w' IJiagnosis lests, X, 2, Recognition letter sounds Fall 

Metropolitan Readiness lests, Numbers 
Metropolitan Readiness Tests, Total 

IX. 1-7, riioiiic combination. Fall 
Ga es Reading niagnosis Tests, XV, 2, Memory span letters Fall 

Mental Age"^ March 

2. Sentence rcaanig. May 

Pcisonnl tJIs ^''"<='>'"6 sentences 

Height 

Mamkn/'"’”'^ *' ““Cogmiton, March 

llildicth First Grade Reading Analysis Test Total 
Gates Reading Diagnosis Tests, IX, 1-7 and 9, Giving phonic com¬ 
bination and Icttci sounds Fall . ^ i c cum 

Gates Reading Diagnosis Tests, X, Total auditory perception Fall 
Gates Piimary Reading Tests, Type 1, Word recogmUon, May 
Hildicth First Giadc Reading Analysis Test, Matching words 
Total Vocnbiilniy time 

Gates Reading Diagnosis Tests, X, 3-4, GiMiig muial and linal 
sounds Fall 

Gates Primary Reading Tests, Type 3, Paiagraph reading, May , 
Hildieth First Grade Reading Analysis Tests, Matching words and 
pluases in sentenLes 
Total omissions 

VanWapnan Reading Readiness Test, \Yord Discrimination 
Metropolitan Readiness Test, Copying 
Ship Tc'.t 

Gates Reading Diagnosis Tests, XV, 4, Memory span, familiar wo ids 
Fall 

VanWagenan Reading Readiness Test, Word IcsTming — 

Tapping, score 

Gates Rending Diagnosis Tests, XIII, 3, Write letters Fall 
Gates Reading Diagnosis lests, IX, 10, Recognition capital letters 
Fal 1 

Total eriois 

Gates Reading Diagnosis lests, VIII, 3, Recogniimn words beard 
Fall 

Perception 

Peiseveration, Elkms-Maller Attention Test _ 

Gates Reading Diagnosis Tests, IX, 9, Giving letter sounds Fall 
Gates Reading Diagnosis Tests, X, 1, Blend words Fall 
Gates Reading Diagnosis Tests, XI, 2, SAime-ililIercnt words Fall 
Reversals, Visual perception 

Stone & Grovei, Classification test foi Beginners in Reading. II 
Total Vocabulary 
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List 1—Coiiiuj ations op CimouorocicAr Acr with Other MrASORCs 
(continued)’^ 

Weifilit ^ *05 

M( tropolitaii Readiness Tests, Information , • . ,04 

Stone & Glover, Classification lest for Beginners m Reading, I ,03 

Steadiness 01 

VanWngenan Reading Readiness Test, Memoiy span 0 

Metropolitan Reodiness Tests, Similarities 00 

Gates Reading Diagnosis Tests, XV, 1, Memoiy span, digits, Fall 00 

Metiopolitnn Readiness Tests, Dravjing man —01 

Gates Reading Diagnosis Tests, Recognition small letters Fall , —01 

Personnlit) Rating, Hicks, A Personality Rating Scale for Childien 

Six. to Nine —> 01 

V.inWngeiian Reading Readiness Test, Relations , .< —02 

Gates Reading Diagnosis Tests, XV, Total memory span Pall —02 

Sinnt ^ Qyovct Classification Test for Begtnncis in Reading, Total —04 
Metropolitan Readiness Tests, Sentences —05 

Gates Reading Diagnosis Tests, VUI, 2, Recognition word seen Fall —05 
Gates Reading Diagnosis Tests, XI, 2, tand supplement. Recognition 

saine different words Fall —05 

Maic & Foal, Time . —07 

Motor eo-ordimtioi 2 , * ► —07 

Perseveration, Elkms-Maller, Attention Test , —OS 

Reversals, Auditory perception —10 

Gates Reading Diagnosis Tests, XV, 3, Memory span, nonsense sylla¬ 
bles Fall . . —12 

VanWagenan Reading Readiness Test, Vocabulary — .1+ 

Nutrition , * —18 

Marc & Foal, Errors —24 

Intelligence quotient —30 

Activities, total . . —48 

♦Some of the correlations of C A with the othei measures vveie not com¬ 
puted because of limited clerical assistance, See Introduction foi discussion 
of "finder'* device, 

List 2—CosRELATiovs or Mental Ac?p wiTii Other Mpasurcs 

Intelligence Quotient 81 

Metropolitan Readiness Tests, Numbers 80 

Metropolitan Readiness Testa, Total 79 

Total Eirois , . 78 

Gates Reading Diagnosis Tests, IX, 9, Letter sounds, Spring 75 

Gates Reading Diagnosis Tests, IX, 1-7 and 9, Phonic combina¬ 
tions and letter sounds, Spring , 73 

Teacher’s ranking in reading, November prediction , 70 

Errors, Fall , , ,68 

Gates Primary Reading Tests, Type 3, Paragraph rending, March 66 
Gates Reading Diagnosis Tests, XIII, 1-2, Wute words, Fall 65 

Gates Reading Diagnosis Tests, VIII, 2, Woid recognition, visual 

perception, Fall , , 64 

Van A^^agenan Reading Readiness Test, Vocabulary 64 
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List 2—Cokreiations of ^^ENTAr Agk with Oriiin MrAsuRrs (coniuuicd) 

VaiiWagennn Reading Readiness Test, Relations . 62 

Gates Rending Diagnosis Tests, X, 3-4, Giving initial and final 

sounds, Fall <51 

Gates Primary Reading Tests, Type 1, Wo id recoguuiou, Mav 61 

Gates Reading Diagnosis Tests, X, 2, Recognition letter sounds, 

Spiing 59 

Gates Reading Diagnosis Tests, XV, 2, Memory span, Utters, Fall 59 

Hildreth Fust Grade Reading Analysis Test, Matching words nnd 

pliinsea in sentences , 58 

Teachers' Ranking in reading, May ability 56 

Gates Reading Diagnosis Tests, Total X, Auditory perception, Fall 56 
Gales Reading Diagnosis Tests, VIII, 3, Word recogrulion, AiuHtory 

perception, Spring 56 

Enors, Spring , , 55 

Gates Reading Diagnosis Tests, XV, I, Memory span, digitfl, Fall 55 

Gates Primaiv Reading Tests, Type 2, Sentence leading, May 54 

Gates Piimnry Reading Tests, Type 3, ILiiagraph reading, May , 54 

Total matching , 54 

Hildreth First Giade Analysis Tests, Matching ivoids , , 51- 

Metiopohtan Readiness Tests, Vocflbwlaiy ,, 54 

Van Wagennn Reading Readiness Test, Memory span *54 

Gates Reading Diagnosis Tests, XIH, 3, Writing letters, Spring 54 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic coinhinntions, Spring 53 
Gates Reading Diagnosis Tests, XV, T4, Total, Memory span, Fall S3 

Gates Primary Rending Tests, Type 2, Sentence reading, March . 53 

Errors and Omissions, Total 51 

Metropolitan Readiness Tests, Information , 51 

Gates Reading Diagnosis Tests, XI, 1, Repeat nonsense syllables, Fall 51 

Gates Pnmaiy Reading Tests, Type 1, Word recognition, November .51 

Mctiopolitan Readiness Tests, Copying ,50 

Gates Reading Diagnosis Tests, XllI, 3, Wiite letters. Fall 49 

Gates Reading Diagnosis Tests, IX, II, Recogniiion small letters, Fall 49 

Gates Reading Diagnosis Tests, IX, 9^ Letter sounds^ Fall 49 

Gates Reading Diagnosis Tests, IX, 1-7 and 9, Phonic combinations 

and Icttei sounds, Fall 49 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic combinations, Fall 49 
VanWagenan Reading Readiness lest, InfoinifUion 48 

Gates Piimary Reading Tests, ’■I\pc I, Word iccognition, March 48 

Hildreth First Grade Reading Analysis Test, Total 1-8 

Total letteis . 48 

Gates Reading Diagnosis Test*’, IX, 10, Rccogtiitioii capital letters. 

Fall 47 

Maie & Foal, time . . 47 

Gates Reading Diagnosis Tests, XIH, 1-2, Write words, Spring 46 

Ship Test 45 

Stone Grover, Classihcatioii lest foi Beginners in Reading I 44 

Vocabularies, total . ► +l 

Gates Reading Diagnosis Tests, VIII, 3, Word recognition, auditory, 

Fall , AO 

Metropolitan Readiness 'Fests, Similarities 39 

Total time 39 
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1 1ST 2 — CoRRFf Allows 01 Mpniai Agc wii h Othlr Mlasorls (coutiniied) 


GatcH Rcndiiiff Diagnosis Tests, XV, +, Mcrnoiv ^>palL familiar 

svords, Fall ; , , 

Gates Reading Diagnosis Tests, VIII, 2, Woid recognition, visual, 

Sprnig , 

Gates Reading Diagnosis Tests, XV, 3. Memory span, nonsense syl¬ 
lables. Fall - • j j 

Gates Reading Diagnosis Tests. X, 2. Recognition sounded letters. 

Fall 

Omissions, Spring , j n 

Gates Reading Diagnosis Tests. X, 1, Blend sounds. Fall 


Stendiiiess „ , a- j n 

Gates Reading Diagnosis Tests, XT, 2, Sainc-diffcicnt woids, Fall 

Healy Picture Completion Test, II 
Sc gum Form Board 

Metiopolitan Readiness Test, Pi awing man 
Hildieth First Giade Reading Analysis Test, Matching sentences 
Gates Reading Diagnosis Tests, XI, 2, and supplement, Total samc- 
dilTeicnt words, Fall 
Total vocabulnry time 

Clironological Age , • rx-* 

Gates Reading Diagnosis ^lests, XIII, 3, Adapted, Wnting Time, 
capitals, small letters and digits. Spring 
Metropolitan Readiness Tests. Sentences . 

Omission’i, Total 

Number magazines and newspapers m home 

Omissions, Fall , • A 

Gates Reading Diagnosis Tests, X, 1. Blend sounds, Spring 

Stone Sc Giovci, Classification Test foi Beginneis in Reading, Total 

Manikin, Time • < 

Maie & Foal, Eirois 

VanWagenan Reading Readiness Test, Woul learning 


Niimbci of childicn’s books in home 
Total Reveisals 

VanWageiian Reading Readiness Test, Woid discrimination 
Reversals, Auditory perception 

Hildreth Fust Grade Reading Analysis Test, Matching phrases 

Reversals, Visual perception 

Tapping 

Developmental Index (babyhood) 

Perception 

Stone k Grovei Classification Test foi Beginners in Reading, II 
Personal Traits 

Personality Rating, Hicks, A Peisonalit> Rating Scale foi Childien 


Six to Nine 
Activities, Indoor 

Pei sex eration, Elkins-Maller Attention Test 


Total Activities 

Grip 

PIcight 

Activities, Outdoor 
Nutrition 


39 

38 

38 

37 

36 

33 

33 

32 

32 

31 

32 
,31 


30 

.24- 

28 

28 

.29 

24 

23 

,23 

22 

22 

21 

21 

21 

16 

16 

IS 

12 

11 

08 

08 

,08 

02 

02 

02 

01 

01 

— 02 

— 02 

— OS 

— 03 

— OS 

— 12 
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wiirir: humming 


Unclesirnble Tiaits 

Weight — 

Perseveration, Elkins-Maller Atleiilion 'lest . 

Nervousness Index; 


List 3-CoRitri,ATi«Ns or Inihiicince Quoi.fni wini Othir Wf,, 

_V.mWaKenan Reading Re.uliness Test, Voeabtilarv 
1 otal El rors 

Oatc^,^ Reading Diagnosis Tests. VIII, 2, Woid tecognu.ni, v.soni, 
Rnors, Fall 

VanWagcnaii leading Readiness Tests, Relations 
Ga cs Reading Diagnosis Tests, IX. 9, Lcltei sotmds 
Metropolitan Readiness Test, Total 
Metropolitan Readiness Test, Nuinhcrs 

Gates Rending Diagnosis Tests, XV, 1, Memory sp.ui, digits. Fall 

Van Wagennn Reading Readiness Tests, Memory span 

Mare and Foal, Ttmc 

Gates Reading Diagnosis Tests, X. 3-1, Initml and Imal sounds. Fall 

Diagnosis Tests, IX. 1-7 and 9. Phonic coinl.initions 
and letter sounds, Spring 

Gates Reading Diagnosis Tests. XV, 1-4, Total meino.y span. Fall 
Metropolitan Readiness I'est, Infoimation J' i . " 

Gate^SaReadmg Diagnosis Tests. IX, II, Recognition small ktteis, 

Reading Tests, Type 3. Paragiaph reading, March 
Gates Reading Diagnosis lests, VIII, 3, Word recognition, visual, 
opring ' 

Gates Primary Rending Tests, IVpc I, Recognition, Mav 
Total Matching 

Gates Reading Diagnosis Tests, IX, 9, Lettti sounds, Fall 
Galp Reading Diagnosis Tests, XV, 2. Memory span. Letters, Fall 
Hildreth Fust Giadc Rending Analysis Test, Word ami Phrases In 
Sentences 

^""^Fall'"'''"'' "«‘>"<*ry per.cption. 

Gates Reading Diagnosis Tests, X, 2, Kccogni/iitg letter sounds, 
Spring ' 

Total Lettcis 
Mare and Foal, Enors 

Gates Reading Diagnosis Tests, XV, 3, Memory spnn, nonsense svl- 
labics, Fall 

Total eiroj*! and omissions 

Gates Reading Diagnosis Tests. XIII, 3, Adapted, Wilting letters 
and digits, Spjing 

Gates Primary Reading Test, Type 3, Paiagrapli leading. May 
Enois, Spring 

Teacliei’s tanking iji leading, Novcmbei prediction 

Gates Prininiv Reading lests. Type 2, Sentence reading, May 
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Lrsr 3—CoHREi AT IONS OF Imteiliofnce Quotient with Othfr Measures 

(continued) 

Gatos Rending Dingnosis Test^, IX, 10, Recognition capital letters, 

Fall . . 40 

Metropolitan Readiness Test, Copying 10 

Hildretli First Grade Reading Analysi*! lest, Matching woids 39 

Vocabulary, Total 39 

Stone & Giovcr, Classihcation Test for Beginners in Reading I 38 

Metropolitan Readiness Test, Similarities 38 

Gates Reading Diagnosis Tests, IX, Total 1-7 and 9, Phonic com¬ 
binations and letter sounds, Fall 38 

Gates Reading Diagnosis Tests, XIII, 1-2, Write avoids, Fall 38 

Gates Reading Diagnosis Tests, VIII, 3, word iccognition, aiulitoiy 

peiception, Fall . .37 

Ship Test - . . 37 

Gates Reading Diagnois Tests, IX, 1-7, Phonic combinations, Spang 36 

Gates Primary Reading Tests, Type 1, Woid recognition, Maich 36 

Gates Reading Diagnosis Tests, XV, ‘f, Meiiiury span, lamiliai wouls, 

Fall 36 

Gates Reading Diagnosis Tests, XIII, 3, Wide letters, Fall , 36 

Gates Reading Diagnosis Tests, IX, 1-7, Phonic combinations, Fall 36 

Metropolitan Readiness Test, Vocabulary 36 

Tcacber^s ranking in reading, May ability . « 34 

Gates Reading Diagnosis Tests, XI, 2, and Supplement, Same- 

different words. Fall . , 3 + 

Number Children’s Books m Home .. ► 34 

Gates Reading Diagnosis Tests, VIII, 2, Woid recognition visual 

recognition, visual pciccption. Spring 33 

Gates Reading Diagnosis Tests, XI, Blend words. Fall .33 

Gates Reading Diagnosis Tests, XI, 2 Same-different words, Fall 32 
Hildreth First Grade Reading Analysis Test, Total 31 

Activities, Tndonr . .31 

Gates Primary Reading Tests, Type 1, Woid recognition . 30 

Gates Reading Diagnosis Tpsts, X, 1, Blend sounds. Spring 29 

Metropolitan Readiness Test, Drawing man , , 29 

Gates Primaiy Reading Test, Type 2, Sentence reading, March 27 

Activities, Total . . 27 

Metropolitan Readiness Test, Sentences 36 

Gates Reading Diagnosis Tests, X, 2, Recognition «ioiinded letters, 

Fall ... 26 

Gates Reading Diagnosis Tests, XI, 1, Repeat nonsense sidlnbles, 

Fall . . . 25 

Steadiness . ,. . 25 

Omissions, Spring 24 

Gales Reading Diagnosis Tests, XIII, 1-2, Wiite words, Spring 2+ 

VnnWagenan Reading Readiness Test, Information , 23 

Stone & Grover, Classification Test foi Beginnera in Reading, Total 23 

Reversals, Total . 23 

Total Time .23 

Number of magazines and newspapers in home 23 

VanW^agenan Reading Readiness Test, Word learning 18 

Revers-aJs, Auditory perception . 38 
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List 3—CoRHELATlONS 01 iNTCILIClNCf QuOTltNI \VliH OlIIFR MrASURES 

(conti(iiic<0 

Oiuissions, Total 17 

Activities, Outdoor , 16 

Writing Time \f, 

Hildreth First Gi ade Reading Analysis Tc^c, Matching sentences 15 

Developmental Index (babyhood) 13 

Omissions, Fall 12 

Ilealy Picture Completion Test, II II 

Stone Sc Giovci, Classification Test for Beginner a in Rcaduig> 11 10 

lotal Vocabulary Time 09 

VanWagenan Reading Readiness Tests, Woid discrimination 07 

MxTtiikm, Time , 01 

PcLsotiality Rating, I licks, A Personality Rating Scale loi Children 

Six to Nine 03 

Reversals, Visual peiception ,, 03 

Pcrscvciatioii, Elkinh-Malkr Auciitinn 'l*e*?t , 03 

Scguin, Form Boaul v . —UO 

Personal Traits —OO 

Motor Goordmtition —02 

Tapping , —01 

Perseveration, El kins-Mailer Attention Test , —OS 

Perception — 07 

Nutrition — 09 

Hildreth First Giade Reading Analysis Test, Matching phrases —14 

Height —21 

Nervousness Index —28 

Chronological Age ► — 30 

Umlcsiiable Traits —31 

Weight —35 

Grip . — 38 


.30, cluonological age and mental age coi related 28, These figiircfa 
aie about what would be expected, and agice veiy well with reports 
of previous studies On the whole the si 2 ;cs of all tlic coirelations 
seem reasonable with the exception, pci haps, of some of those between 
the vaiioiis mccisincs ot mental ability, The intcicoiielatioiis of the 
incasutes of mental ability were not high 

T’ablcs 1 to 5 give the coiiclations of the tliice mCfisurcs with 
other tests and appiaisals arranged by ccitain gioupings Table 1 
shows the coiiclations for fourteen reading measures. The averages 
of the correlations are for chronological age and reading, 29, for 
mental age and leading, 51, for intelligence quotient and read¬ 
ing, .33 

The average for the correlations of the intelligence quotient vvitJi 
the leaclhig mcasuies is unduly loweied by one coi relation, —.14, 
involving the Hiliiteth First Grade Reading Analysis Test, Match- 
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TABLE 1 

CORRFLATIONS OF ClIRONOl OGICAI AgE, MlKTVI AGI AND INTEI LICENCE 
Quotient with 14 Riading Ilsts 


CA MA IQ 


Gates Primary RcatUng Tests, Type 1, Woicl recognition, 





November 

40 

51 

30 

ti n t( 

« 

ff 

1, Woid iccognition, 







Maicb 

24 

48 

.36 

<1 ti n 

ff 

ft 

2, Sentence reading, 







March 

42 

.53 

27 

tt i< 

ff 

(f 

3, Paiagiaph tend¬ 







ing, March 

28 

66 

49 

Ilddiclh Fust Gi ade Reading 

Analysis Test, Matching 







Phrases 

39 

11 

— It 

41 « <r 

If 


“ Test, Matching 







Words 

20 

54 

39 

h « 

11 


Test, Matching 







Sentences 

27 

31 

15 

(t If <r 

ff 


Test, Matching 







W o r d s and 
p h 1 a s e s in 
sentences 

17 

.58 

47 

ff If <( 

ir 


" Test, Total 

24 

48 

31 

Teacher’s Ranking in 

reading, 

No\ember piediction 

41 

70 

41 

U fl 4( 

(f 

May ability 

35 

56 

,34 

Gates Primaiv Reading Tests, Type 1, Word lecognitioii, 







May 

22 

61 

48 

If (< « 

ff 

f< 

2, Sentence leading, 
May 

28 

5*1 

40 

fl If If 

ft 

ff 

3, Paragraph lead¬ 







ing, May 

18 

54 

43 




Avei ages 

289 

51 

332 


ing Phrases* Xhis figure seems out of place, and is explainable 
only 111 teims of chance It seems inciedible that conclatioiis of 
intelligence with tins test would give legulaily a negative though 
low figuie This test was the first of the Hildieth Analysis Tests 
given to the childien and was administeicd successively to gioups of 
12 and 13, It is possible that extraneous factois such as the novelty 
of the task, unccitainty of as to what to do, and othei conditions 
common when children are confionted with new and vciy difteient 
situations, may have been involved to such an extent as to have 
affected the true lelntionships between mental abilities and success 
in the test The next lowest coiielation foi leading and intelligence 
quotient was + 15 The avciage foi the coiielations oi IQ with the 
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TABLE 2 

CORKLIAIIONS 01 CFIRONOI OClCAT AcC, ^rrNTAT AoF AND iNTlif I lOFNCr 
Quotilkt Wini no Tfs^ of Lfitfr Amnrirs 



CA 

MA 

IQ 

Stone & Grover, Cla^tslficanon 7(.st I 

» 1* 11 11 jj 

Gate*? Ecadin^c Diagnosis Tests, VIII 2, Rcctmimioil 

03 

07 

1 + 

02 

38 

10 

words seen, Fall 

” ” ” VIIT 3 Recomimon 

— 05 

d4 

66 

, words licaid 

OS 

10 

37 

IX, 1-7, Phonic 
comhinations 

” ” TX, 9, Giving lettcj 

28 

19 

36 

son lids 

07 

49 

17 

;; ;; ” IX. Total U? and 9 

22 

1-9 

39 

" X. 1 Ticcognitinn 

^ blended words 

07 

33 

33 

” X, 2 Kecngnition 



sounded Icttcis 

X 3^+, Giviim initial 

31 

37 

26 

and final sounds 

19 

t>l 

53 

” ” ” X Total 

22 

5/5 

46 

" " ” " XITL 1-2, Wntiiiff 

words 

37 

65 

38 

" ” ’■ XHT, 3. Wutmg 

letters 

12 

49 

36 

” " ” ” TX,^ 10, Recognition 

cn|)ital letters 

10 

47 

40 

” *’ ” XI 2, Recognition same- 


diflfcient words 

=” ” XI, 2, plus supple¬ 

07 

32 

32 

ment 

— 05 

30 

34 

XV, 2, Memory span 
letters 

,28 

59 

47 

Total LeLterB 

Gates Reading Diagnosis Tests, VIII 2, Recognition 


V8 

+5 

wotds seen Spring 

_ 

38 

33 

•' Vin 3, Recognition 

noids heard 


56 

48 

” ” IX, 1-7 Phonic 

combinations 

IX, 9. Giving lettei 

— 

53 

36 

sounds 

_ 

75 

61 

IX, Total 1-7 and 9 
” X 1, Recognition 

— 

73 

53 

blended uoiils 

” " X, 2, RciognitioJi 

— 

22 

29 

sounded Icttcis 

_ 

.59 

45 

” Mil 12 Writing 

tvortls 


.46 

21 

” ” XIII 3, Adapted, 



Wilting capitals and 
small IcIters and 




digits 

— 

54 

44 

Avtrages 

1 V 

477 

398 
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TABLE 3 

Conan ATiONS or Chronological Age, Mfntai Age, and iNrciLicrNcp 
Quotiuni wm 20 Mental Tests 



CA 

MA 

IQ 

Yan Wagcniin UeatiinR Ken dine ss Test, Infoimation 

29 

48 

23 

” ” ” ” ” Relations 

— 02 

62 

63 

” ” " " Vocnhularv 

—,14 

64 

74 

” " Memory Span 

00 

54 

54 

Metropolitan Readiness Test, Vocabulary 

37 

54 

36 

*’ ” Sentences 

— OS 

29 

37 

'' ■" Numbci s 

29 

80 

59 

" Information 

04 

SI 

Si 

’* ” Drawing Man 

Gates Reading Diagnosis Tests, XI, 1, Repe.it 

— 01 

32 

29 

nonsense syllables 

34 

SI 

25 

Vocabulary 

05 

41 

39 

Segnin Form Board 

.24 

31 

00 

Marc & Foal, Time ' 

— 07 

47 

54 

" Errors 

— 24 

21 

44 

Manikin 

24 

21 

04 

Ship Test 

.15 

45 

.37 

Healv Pictiiie Completion Test, II 

40 

32 

11 

Mental Age , 

28 

— 

81 

Intelligence Quotient 

— 30 

81 

— 

Gates Reading Diagnosn*, XV, 1-4, Total Memoiv Span 

— 02 

53 

53 


■ 

-- 


Averages 

092 

472 

407 


TABLE + 

Correlations of Chronological Acr, Mental Age, a no Intelligence 
Quotient with 16 Psycho-Physical Measures 



CA 

MA 

iq' 

Total Writing Tune 

— 

28 

.16 

Total Vocabulary Time 

20 

24 

09 

Peicepti&n 

08 

02 

— 07 

Steadiness 

01 

33 

25 

Tapping 

12 

.08 

— 04 

Pei sevcration, Elkins-Mnller Attention Test 
Chronological Age 

08 

-^02 

03 

— 

28 

— 30 

Grip , 

36 

— 05 

— 38 

Motor Coordination 

— 07 

— 14 

— 02 

Weight 

05 

— 25 

— 35 

Height 

09 

— 03 

— 21 

Niitiition 

— 18 

— 12 

— 09 

Niiinber outdoor activities 

, _ 

— 05 

16 

Number indoor activities 

_ 

01 

31 

Total number activities 

— 48 

— 02 

.27 

Developmental Index (babyhood) 

— 

08 

13 

Averages 

024 

040 

— 038 
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TADLIL 5 

CoRRiiATioNs nr Chronolooicai Age, Mental AtiP, and Intliiilfncf 
Quotient with 10 Personality Measures 



CA 

MA 

IQ 

Reversals, Visual perception 

07 

08 

03 

Auditoi\ 

— 10 

12 

la 

Total Eriors 

10 

78 

68 

Total Omissions 

17 

24 

17 

Number of Children’s books in home 


16 


Number of mtiga/ines and newspapers in home 

_ 

23 

23 

Undesirable bchavioi traits 

26 

— 16 

— 31 

Personal traits 

06 

02 

00 

Personality rating, Ilicks, A PcisonalUy Rating Scale 
foi Childicn Si^ to Nine 

— 01 

fll 

.03 

Nervousness Index 


— 26 

— 28 

Averages 

.079 

122 

107 


leading mcasuics would not, howcvci, have been very much higher 
than 33, even if a fairly high positive correlation for the Hildreth 
matching test had been found, since thirteen other correlations were 
combined with tln 5 one to make up the average The table shows 
that, foi the children studied, reading ability was somewhat but 
not closely related to mental age, intelligence quotient, and chrono¬ 
logical age, and that the relative degrees of relationship were in the 
order named 

Table 2 gives the correlations of the three measures with 27 tests 
of Icttei abilities The avciages are* M A and letter abilities, *477; 
1 Q and letter abilities, 398; and C A and letter abilities, 14 The 
averages for mental age and for intelligence quotient witli letter 
abilities arc not vciy ditfcicnt from averages of the same measures 
with leading tests The average of the correlations of clironological 
age witli Icttci tests, 14, compaics with 289, the avei.tge of tlic 
correlations of cluonological age with the 14 reading tests as shown 
in Table 1 Because of the few number of eases and the sizes of 
the correlations, these differences probably have little significance. 
Apparently the ability of the children to iccognizc, write, and give 
names, sounds, and combinations of letters, is related to mcntfil age, 
intelligence quotient, and chronological age in much the same man¬ 
ner and degree as is reading 

Table 3 shows the couelations of the tJnee measures with 20 mental 
tests of various types The averages arc MA and mental tests 472; 



336 


JOURN^AL or GliNETlC PSYCHOLOGY 


IQ and mental tests 402, CA and mental tests 092 MA and IQ 
indicated fairly close iclationsliipb to the other measuies with con^ 
sicleiable variability, the range of the coirelations being fiom .21 to 
80 foi Mxi, and fioin 00 to 74 foi IQ It would seem that cither 
the abilities involved in the tests are in many instances quite diftcrent, 
or tliat tlic icliabilit}' of the measuies is veiy low, oi more piobably, 
that both of these explanations are true The fiist supposition seems 
Significant, liowevci, since the averages of the coirelations obtained by 
AIA and IQ with the otiici measures aie falily high, whereas the 
averages obtained by QA are very low, a diffeicuce in relationships 
which seem quite piobable 

Tables 4 and 5 show the coirelations of the thiee measuies with a 
Vciiicty of psycho-physiCril and peisoiialuv tests and estimates That 
these Littei measures aic each concerned with veiv diftercnt abilities 
and tiaits appears both in the dcsciiptivc names of the abilities and 
tiaits and in the vaiiability of the coirelations, The fact that the 
averages are so ncai zcio, however, seems significant In only three 
instances weie correlations high cnougli to indicate possible ielation- 
ships of particular impoitancc, namely’ total cnois with MA and IQ 
78 and 68, lespcctively, and toUal numbei of activities with CA, 
— 48. The lelatioiiships between mental measuies and errors seem 
logical Negative lelationships between CA and number of activities 
engaged in by child ten have been lepotted in studies of both pre¬ 
school and school-age childlen 

The conclusion from the figuies of these two tables seems to be that 
psycho-physical and peisonalitv traits and abilities aie quite varied, 
and not closely ielated to chionological age, mental age or intelligence 
quotient, 


Summary 

Chronological age, Binet mental age and Binct intelligence quotient 
gave varying degieos of coirelation with 106 othei measures and 
appraisals of 25 Giade I childicn When the other measures and 
appraisals weic gioupcd under five general headings, the following 
tendencies appealed: MA tended to give modeiate corielations with 
leading, lettei abilities, and mental tests, IQ tended to give correla¬ 
tions somewliat smaller than MA with the same groups of measuies, 
CA tended to give still lower corielations with leading All other 
coirelations tended to be low or practically zcio, namely, CA with 
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lette, ab.lmes, .n^Ual tests, rsvcho-phts.cal n.eastnes. an.i pe.son.ilUy 
measure. cveept CJ with an cstnnatc of the numbot of act.v.t.es Inch 

excent 1/ / I 'Yn P^J'cl'o-pl'Vsical a.i.l peison.ihtv measures, 
except MJ and IQ with criois, winch coucl.itcd ,78 and 68 
jespectivcly. 


Huulci Callvqe 
'Neiv Yotk Cily 


Tvni hets Cnllvz/f 
Cfiiunihia Vrnvvr stly 
New Toil Cifv 




PERSONALITY RATINGS. I RELIAUILITY OF 

teachers- RATINGS+1 

ff eslcytiti Ufnvustl} 


T A L\ngui 


riie continuiag bcaitli foi nictluxls of inc.i-,uim|r pcuoiiality Lliai.n.- 
teiibtics by the use of latines implies a need toi fiutlicr caieful study 
of the piactical value of such methods in otJmaiy uiicontiollcd (non- 
expc.imeni'al) situations This part of a sc.ics of studies is con- 
ceined with an attempt to dctcimmc the extent to which teachers’ 
latings obtained midci usual conditions possess the neccssaiy leliabili- 
ties roi use ui piedicting pcifoimancc 

The Rating Scale used in this icscaich is the usual Giaphic Rating 
Sea e, a copy of which is piesciUcd in Figuic 1. The Graphic Rating 
Scale method has been found to be "highly leliahlc" xvhen used in 
indiistiial lescarch as lepoited by Paterson (4) This scale has come 
into geneial favor among pcisonncl men and educators because of its 
Simplicity, ease of administration, and appaient comparability of 
ratings, It is logically a vciy good method, but the icliability of 
ratings may be more a function of the ability of judges to obseiv^c be¬ 
havior consistently and accuiatcly than of the lating method em¬ 
ployed Caieful and accuiate judges may give icliahle ratings by 
almost any method, and inaccurate and careless judges cannot be ex¬ 
pected to yield leliable valid latings by any method Other f.ictois 
icmaining constant, the leliability of ratings probably will vaiy with 
methods used, and then the Giaphic Rating Scale method is con- 
sidcied to be as accuiate a method as has been devised If icsiilts witli 
this method aic unieliable, it would appear that iatiiig'» by any method 
so fat devised would be equally unieliable The point is that measures 
of icliabilitv of latmg scales are piimaiily mcasuics of the leliability 


^Received jn the Editorial Ofiice on December 11, 1936 
’The first two parts of the study here repoited were presented ng n dis- 
aertntion in candidacy for the decree of Doctor of Philosophy at the Uni¬ 
versity of Minnesota in 1929 The writer is deepH indebted to Professor 
Donald G Paterson for assistance in the foniuilation and preparation of 
tlii9 research. 
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FIGURE I 

of the judgments of the laten Reliability is not as itiuch a function 
of the method used as of the ability of the judge to latc 

In tills icsearch lating scales ^vcle distiibiited to tcaclicis in thiee 
laigc high schools iri Minneapolis and St Paul vshoitly before the 
June commencement^ with the lequcst that they rate those students 
assigned to them with whom they had sufficient acquaintance No 
special training or instructions were given them, since u^ugl conditions 
^ycre desired* 
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Thc n^iiber of scnioi students and latcis, in cnch school aie pre- 
sented in 1 able 1 


TABLE 1 


High School 

Year 

No of Seniors 

Totfil No 
of Raters 

No of 

Teachers Who 
Rated 20 or 
More Studcnls 

Mpls, West 

St Paul, Ccntial 

St Paul, Central 

St Paul, Humboldt 

1924 

1925 

1926 
1925 

315 

270 

290 

90 

18 

35 

30 

24 

12 

14 

13 

0 


Each scale was scoiecl fiom 1 to 10 in each trait and totals \verc 
obtained for all tiaits excluding Traits VI and VII 

In detcimining the icliability of the latings collected foi tins st\idv 
we snau discuss the following factors’ 

1 Noiinality of distiibutlom of latings as shown by piesence oi 
absence of skewing. 

2 Spread of ratings 

3, Variations in latmg standards 

4 Variations in rating tendencies from one year to another 

5 The factor of sex in conditioning ratings. 

6 The effect? of collecting” foi vailability of teachers’ racing 
tendencies 

7 "Halo” as a factoi 

1 Normality of Distributions or Ratings as Shown by 
Presfnce or Absence of Skewing 

The assumption that the noiinalit}'’ of distiihutions of latings is a 
ciiteiioii of the leliabilitv of ratings is sound provided thcie have hcen 
a sufficient ninnbei of subjects latcd hy each judge, and piovidcd 
sampling eirois have been avoided This criterion is piohably the 
weakest criterion of reliahilitv of the latings obtained in this lesearch, 
since we cannot be sure that sampling enors have been avoided and 
the niimbci of subjects rated by each tcachei langcs from only 2Q to 
101, with a mean of 41 5 

"Noimalitv” as discussed in this section refers only to lack of skew¬ 
ness, since "spread of latings” will be considered in the next section 

The folloAving procedure was cmplovecl in ordci to obtain ciude 
measures of skewness. The diffcicnees between Median and Third 
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Quartile ratjngs of each teachei wcie obtained These will be re¬ 
ferred to as Qg—Mdn Next, the diifciences between the Median 
and First Quaitile i at mgs weie obtained ♦ These measures will be 
lefeired to as Mdn—Qi These two measures of vailability were 
then compared to determine scatteiing above or below the Median 
When Qa—Mdn is greater than I\Idn—Qi we know that that dis¬ 
tribution IS skewed positively, i e, the cases aie bunched below tlic 
Median When Q3—Mdn is smallci than Mdn—Qi the distiibution 
is skewed negatively, 1 e , the cases aic bunched above tiic Median In 
Older to show these relationships as well as to isolate “skewness/* ratios 
weie obtained between these two measures of variability It is ap¬ 
parent fiom this formula that a ratio of 1 00 indicates that the dis- 
tiibution IS appioxiinatcly noiinal, le, ratings are not bunched on 
eithei side of the Median, but aie scattered equally on both sides of 
the Median A ratio greater than 1 00 indicates that there ts more 
scatter above the Median than below, or that the distribution is 
skewed positively A ratio of less than 1 00 indicates the opposite 
type of distribution 

The following cnteiion of noimality was used If the range from 
the Median score to eitliei Quaitile scoie is not moie than 20 per cent 
greater than the range from the Median to the other Qiiaitilc point, 
skewness will be considered to be negligible That is, when —Mdn 

Is not more than 120 per cent of Mdn—Qi, the distribution will be 
considered to be appioximatcly normal Similarly, when Mdn— 
is less than 83 per cent of Qs—Mdn, the distribution will be considered 
to be appioximatelv normal 

The frequency of various degiees of skewness is shown by the 
figures in Table 2 In this table the Roman Numerals refer to the 
Personality tiaits included 111 this study, and the ratios refer to degrees 


TABLE 2 

FurqurNCY of Various Decrees of “Skewness” Found in Distridutions or 
Ratings of Pprsomality Traits 



Qt—M dn 







Nature of 

Mdi 

n—Qi 



Pei *>0110 

ilitv 

Traits 


Skewness 

Ratio 

X 100 

I 

II 

III 

IV 

V 

VIII 

Nep;ative 

1 ^ 
67- 

-<66 

-82 

13 

5 

10 

2 

20 

6 

6 

3 

5 

4 

10 

3 

Normal D»st 

81 - 

-120 

7 

10 

7 

10 

12 

16 

Positive 

121 - 

-150 

0 

7 

4 

8 

6 

4 

151 —tOOO 

U 

IQ 

2 

12 

12 

6 
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of skewness. Three degiees of skewness aie shown in this tahic, 
namely normal distribution, with piactically no skewness, positive 
and negative skewness of medium degree, and marked skewness, botli 
positive and negative. 

The above data suggest (1) that teachers seldom distiihute then 
pcisonahty tiait ratings noimally ovei the scale, (2) that the form 
of distribution of latings vanes according to the traits being judged, as 
repicsented by (^) lack of disciiirunation of diftciences between stu¬ 
dents who aie average or above in ‘Industuousncss” (HI), but 
relatively marked diffeientlation of those who arc deficient in their 
possession of this tiait, (b) lack of diftereiitiation between students 
who possess "aveiagc” or lowci degices of ^‘Scholastic Zeal'* (IV) 
and “Dependability*^ (V)j associated with idatively bettci dlfteicntia- 
tioii among those who aie supciioi m tiicii possession of these tialts, 
In other woids, accoiding to teachers* estimates of the peisonality 
traits of their pupils, most students aic industrious, but some are very 
deficient in then possession of this cliaiacteiistic The deficients arc 
separated from the rest, but the outstandingly industrious students aic 
merged with the avciage students On the othci hand, most students 
have only a “fair** amount of “Scholastic ZcaV* oi are “faitliful** but 
some students aie noticeablv outstanding for their “zeal'* and some 
aic “unusually dependable,” while infciior students in both tiaits ate 
meiged with aveiagc students 

In so fai as normality of distiibutions of latings is a valid ciiterion 
of reliability of ratings, the results reported above suggest a lack of 
ichabilitv, since skewed distiibutions arc the most prevalent type, and 
since there is a lack of Jtsciiminatiori by teachers of equal degrees of at 
least three of the tiaits included iii this study 

2. Spread of Ratings 

Other ffictois remaining constant, those lating*! aic most valuable 
which arc spread ovei the gienlcst range, because such ratings allow 
for finer discrimination among the individuals latcd The Graphic 
Rating Scale allows foi as fine a discrimination as tiie rater cares to 
make 

If we assume that the individuals lated possess the various charac¬ 
teristics in randomly vaivnig amounts, then wc should c\pect a normal 
distribution of the trait latings, provided we have avoided cirors of 
sampling We should then expect that the entire scale would cover 
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7 Probable Eirors, and that the middle 50 pei cent would cover 2 
Probable Eiiois, that is, the langc between Qs and Qi would be 
about 2 86 units of the scale since the scale is composed of 10 units. 
We found above that latings were usually skewed, and we shall now 
see whether there is a noimal amount of scattei 
Inter-quaitile ranges arc summarized in Tabic 3 

TABLE 3 

Means and SD’s of the Intcr-Quaiitile Ranges 

IJjgh Personnhty Traits 

School I II III IV V VIII 
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closely tUouiicl tl\e iy\ci\i\ whvlc otUci teAchci*> then listings ^vith 

about equal ficqueucy ovci most of the scale 

The amount of spicad, fui llieimoic, vanes with t!ic tiaits being 
rated. The possession of “Initiative” (II), for example, is con¬ 
sidered to vaiv moie than any other by the thicc gioups of tcachcis 
Scholastic 2eal (IV) and Dependability” (V) aic the least 
vaiiable on the aveiagc, accoiding to these latingb* 

It appeals that even with the Gi.iphic Rating Seale we do not have 
compaiablc scales when used by scveial inters, since some tcachcis 
spicad then iating> ovci a rmigc seven times as great as that ovci 
wIiLch othei teachcis spicad then ratings Of couisc, ^yc miibt lenicm- 
bei that pait of this vaiiahility may be iii accoidancc with tiue 
vaiiations in the composition of diftcicnt groups of students How- 
evej, It IS doubtful if this fact would account toi the exticiiic vani' 
bility hcie lepoited 

3 Variation's in R\ting Standards 

This Cl ltd ion IS conceiiicd with the compai ability of the scales 
used by various latcis to a gicatct degiec than are the preceding 
criteria We have found that “noimal** distiibutions of latings aic 
rate, and that thcie is little agicement among raters as to the amount 
of “spread” of these tiaits Such findings suggest tliat theic is a 
tendency foi teachers to diftei among thcLusclvcs with respect to 
“severe,” “modeiate,” oi “lenient” iating standards. Data permitting 
analysis of such tendencies aic contained in Table 4, which picsents 


TABLE + 

MdANs or rrir Medians 


High 

School 


I 

II 

Personality Traits 
III IV 

V 

VIII 

West 

Mean 

6 65 

5 90 

7 21 

5 66 

6 06 

« 09 


SD 

65 

.55 

25 

39 

73 

46 

Central 

Mean 

6 53 

5 86 

7 22 

5.80 

6 20 

6 16 

1925 

SD, 

8+ 

1 04 

41 

58 

66 

50 

Central 

Mean 

6 71 

6 28 

7 18 

6 00 

6 55 

6 50 

1926 

SD, 

70 

46 

59 

74 

62 

43 


the means of the Median i at mgs togctliei with the Standard Dcvia- 
tions of their distiibutions 

Probably the most noticeable cliaiactenstic of tlic means in Table 4 
is the agreement among the three groups of teachers that “Industry” 
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(III) IS posbCisscd to a gicatci extent than anj^ of the lemaining tiaits, 
assuming that die scales foi the six tiaits are absolutely equivalent 
On the other hand ‘‘Scholastic Zeal" (IV) is thought to be possessed 
to the least extent In gciieial, thcie is mailccd agi cement among 
the three gioups of tcachcis as to the relative possession of these six 
traits In other woids, it appears that high school teachcis have 
fairly uniform stand«iids of judgment as to the degree to which then 
students, on the average, aic characterrzed by these traits, 

Ilut what of die individual judge and his standards as related to the 
group slandaid^ The measures of vailability {SD of distribution of 
Medians) piescnted in Tabic 4 suggest «a considciable dcgiee of incon¬ 
sistency, the Standard Deviations ranging fiom 25 to 1 04 with an 
average of 59 The magnitude of this average may be emphasized by 
pointing out that *59 is about 60 per cent of the semi-inter-quai tile 
range of ratings A certain vailability should be expected, however, 
even though these ratings be perfectly icliablc, because there arc true 
difterences among the groups rated To get a measure of these 
differences, the College Ability Test scores (presumably measuring 
“Ability to Leain^’) of most of the 1925 Central gioups were obtained, 
and the Median score of each of 12 of these groups compared with 
the Median “Ability to Leain" rating (I) of each group Tire 
coefficient of correlation (Rank Order Difference Formula) which 
resulted was only -1-0 37, indicating very little relationship between 
Median ratings by teachers and the Median College Ability scores 
The differences between Median estimates therefore, do not represent 
true group differences. It would seem that they are due instead to 
lack of comparable standards 

4. Variations in Rating Tendencies from One Year to 

Another 

Wc have seen that thcie arc marked variations in ratcis’ standards 
We shall now inquire into the permanence of the rating tendencies of 
individual teachers. The question is,—do teachers maintain the 
same tendencies to late high, medium, or low from one year to the 
next^ Wc shall attempt to determine this bv compaiing the ratings 
made by the same teachers one year later. These are raters numbered 
28, 29, 35, 33, 71 and 93 The ratings ’which will be compaicd are 
the ratings on Trait I, “Ability to Learn “ The Median and Qiiaitile 
ratings of these six tcacheis on Trait I (Ability to Leain) with the 
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Mcdi<in ancl Qua i tile College Ability JTcst sloics of the same ginups 
aic piescntcd in Table 5. 


TABLli: 5 

Measures or Centoal Itnolncy and Varimjiiit^ or Irait I, and Intliii-* 
GCNCE Scores, 1925 and 1926, Sr Paui Clneuat Katinos 


Rater 

No 

N 

1925 

Qa 

Median 

Oi 

N 

Qa 

1926 

Median 

Qi 

28 

27 

7 45 

5 63 

5 20 

28 

7 56 

6 67 

5 50 

29 

59 

8 05 

7 22 

5 71 

33 

7 65 

7 to 

5 58 

35 

5S 

6 33 

5 9t 

5 39 

38 

7 68 

7 20 

6 21 

38 

25 

9 31 

8 15 

6 13 

39 

7.78 

7 30 

6 31 

71 

38 

7 25 

5 70 

5 23 

f2 

7 50 

6 00 

5 30 

93 

47 

8,53 

7 56 

6 44 

75 

8 32 

7 35 

S 85 




Intelligence 

Scoics 




28 

27 

68 50 

40 29 

32 79 

28 

83 86 

71 00 

14 33 

29 

59 

83 00 

71 83 

46 00 

33 

38 50 

66 00 

44 13 

35 

55 

55 00 

34 64 

22 00 

38 

66 63 

48 86 

37 88 

38 

25 

88 50 

71 00 

48 50 

29 

82 67 

6100 

53 50 

71 

38 

57 07 

46 S3 

28 92 

42 

70 17 

46 00 

29 13 

93 

47 

49 33 

39 33 

22.25 

75 

73 81 

58 22 

43.50 


All anal5^sis of these figuics confirms oiii foimei conclusion that 
these ratings aic not comparable and hence not leliablc 

Teacher No 29 i.ited 59 students in 1925, yielding a Median lating 
of 7 22, a Qa rating of 8 05 and a Qi rating of 5 71. In 1926 this 
teacher rated 33 students, yielding a Median lating of 7 10, a Qb 
lating of 7 65 and a Qx rating of 5.58 This rater appaicntly maiii' 
tamed his tendency to rate fairly high from one veaP to the next, but 
as measiiied by the Univcisjty of Minnesota College Ability Test the 
1925 gioup rated by this teachei had a Median pcrcentde score of 
71 83, a 25th percentile scoic of 46 00 and a 75th pcrccntilc scoie of 
83 00, whcicas the group lated by this tcachei in 1926 had a Median 
intelligence score of 66 00, a 25th pcicciitile scoic of 44 13 and a 75l!i 
pciccntilc score of 88 50 It appeais tliat this latei maintained ai> 
proxiinately the same median tendency even thougli the gioups latcd 
differed both m central tendency anti in spread, «is well as in the natui e 
of the distribution The estimates indicate that the 1925 gioup is 
slightly more heterogeneous than the 1926 group and that the distiibu- 
tion IS skewed negatively for both gioups Fhe test scores indicate that 
the 1926 group is the more heterogeneous and that this distribution is 
approximately norma! Wc here have evidence that although the 
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true avciagcs of the two gioups diftei, the latci may assign them 
appioximatelv the same averages* 

Similar analyses can be made of the othei figuies in Table 5, sup- 
porting the conclusion that i at mgs tend to lemain constant even when 
the gioups differ* 

Correlations bring out this conclusion even moie forcibly The 
Rank Older Difference coefficients of coiielation between Median 
latmgs and Median test scores are -j-O 26 and +0 23 for the 1925 and 
1926 gioups, respectively As obtained before with 12 raters tills 
COL 1 elation was -j-O 37 When obtained by combining the ratings foi 
both ycais the correlation is -|-0 42 The coiielation coefficient be¬ 
tween the test scores of the 1925 groups and the test scores of the 
1926 gioups IS +0 37 The correlation between the Median ratings 
of the 1925 and 1926 gioups is +0 83± 098 Evidently these lateis 
tend to give the same Median ratings fiom one ycai to the next, but 
then rating tendencies do not vary directly with vai lations m tlie tested 
ability of tlie groups rated* That is, a group average may change, but 
the rated Median remains fairly constant In other woids, these 
results suggest that teachers are unable to diftercntiate differing groups 
when the ratings are made one vear apart 

5. The Factor of Sfx in Conditioning Ratings 

The reliability of ratings may be a function, among other factors, 
of the sex of the rater as well as the sex of the subject If teachers of 
different sex tend to rate all subjects differently, and if teacheis of one 
sex tend to judge subjects of the opposite sex differently than they do 
subjects of the same sex, then analyses of ratings that do not take into 
account such relationships would be relatively unicliablc The data 
for our analysis of sex differences among these raters were obtained 
fiom the Central High School ratings, and aie piesented in Tables 
6 and 7 

Tabic 6 presents measures of central tendency and vai lability of boys 
and girls according to whether they wcie rated by men teachers or 
women teachers* Differences between Median latings, the Piobablc 
Eiiois of the Medians and of the Differences, and Coefficients of the 
Reliability of the Differences are also piesented For example, eight 
men teachers rated 84 boys and 85 giils on “Ability to Learn*’ (I), 
assigning them Median ratings of 7 06 and 7 23, respectively The 
Reliability of the Medians is represented by PEni^n and the Reliability 
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of the Difference between these Medians is lepicscnted bv the Pi’n. 
the difference (D) between the Medians is considei cd to be statistically 

significant when the ratio ——— is equal to 4 00 

PEi, 

The rated difference between boys and girls on Trait I, when the 
judges weie men teachers, IS only 17 of a scale step The PE^ is 24 
The ratio, then, is 71, which indicates that this diffeicnce is not 
statistically sij^iiificant 

According to the figuics pieseritcd in this tabic, there are ven- few 
statistically significant diflfeiences between the ratings of hoys, and 
gills by men and women teachers Men tcachcis latc giils superior 
to boys in «^ll of the traits, but the difference is statistically significant 
only in then latings on "Capacity foi College Work" (VIII) 
Women tcacheis judge girls to be supcrioi to boys m all the tinits 
enumerated, and these difterentes aie statistically significant for three 
traits, “Ability to Learn” (I), “Industry” (III), and "Capacity for 
College Work” (VIII). Women tcachcis judge the dilTereiiccs 
between boj^s and giils to be larger, relative to the ratings of men 
teachers, in but two traits, “Ability to Learn" (I), and "Indus¬ 
try” (III) 

The tested ability of boys and girls is represented by College Ability 
Test scores. According to these scores there is no significant difference 
between the sexes^ but the tendency is in favor of the boys This is 
opposed to teachers' estimates on “Ability to Leain” (I) 

Such diffeiences have been reported in othei investigations 
Cunningham (1), Hart and Oilando (2), and Paterson and Langlie 
(5) have all called attention to the “sex halo,” which is a tendency 
to late girls higher than boys, despite objective test lecords Paterson 
and Langlie, for example, pointed out that, whcicas 60 pei cent of the 
boys 111 high school scnioi classes equal oi exceed the Median scoie of 
gnls on "Intelligence” tests, only 40 pei cent of boys eqUiil or exceed 
the Median score of girls m \ngh school scholaiship They suggested 
that this paradoxical situation is due in pai t to a tendency to over¬ 
estimate the perfoimance of girls relative to boys, because of certain 
“personality factors” such as "Scholastic Zeal,” “Dependability,” etc. 
Furtbermoie, they presented evidence to show that some such factor 
IS operative, by demonstrating that the use of “objective” achieve¬ 
ment examinations reduces and sometimes changes the diicction of 
differences in achievement 
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It IS suggestive thatj accoiding to Table 6, although the differences 
between boys and girls in “Dependability^’ (V) are not statistically 
significant, boys tend to dustci very closely about their Median lating, 
while gills scattei over the scale to an extent about twice as gieat 
The Q's of the distiibutions of bovs are *55 and 78, wheieas the same 
measures for giils aie 1 II and 1 22 The opposite tendency is found 
in tlicir possession of “Industry” (HI)* These facts suggest tli«nt 
both men and women tcdcheis judge boys to be unifoimly “aveuigc” m 
“Dependability” (V), but scattered ovci the scale m then possession 
of “Iiidustiy” (in) Gills riie uniformly “high” in theii possession 
of “Industry” (HI), but scattciing in then possession of “Depend^ 
ability” (V) 

We found fiom the data of Table 6 that women teachers tended 
to rate the sexes as diftcrent in then possession of the traits studied to 
a greater extent than did the men teacheis, but that most of the dif- 
feienccs were not significant, and one at least was contiaiy to faiily 
well established facts The data of Table 7 enable us to determine 
the extent to which men and women teachers agree in the ratings of 
boys and again of giils Foi example, we find that male judges assign 
bovs a Median Intelligence rating of 7 06 Female judges assign a 
Median rating of 5 87 or 1 19 less than that assigned by the men, 
despite the fact that the two groups of men aie practically identical in 
Median tendency when measured by an intelligence test* This dif^ 
fcrence in ratings is the only statistically significant diffeience found, 
althougli there is a suggestion that women assign slightly lower latings 
on the average whether rating boys oi girls 

The findings leportcd in this section support the conclusion that 
personality ratings aie influenced bv a factoi which may be called the 
^'sex halo” factor This is a tendency to late gnls uniformlv higher 
in personality traits, even when opposed to objective test scoies, and 
probably accounts in part foi the paiadoxical situation of a sex dif¬ 
ference in scholarship in favor of girls, as opposed to a sex diffeience 
in tested capacity, in favor of boys Smcc most high school teachers 
nre women this tendency is even moie pronounced than it might be if 
half of the teachers were men, since, although men tend to be more 
lenient in rating both sexes, women aic more lenient in lating girls 
than m rating boys 

It is the opinion of the wiitei, however, that sex is not an exticmely 
important factoi in determining the reliability of ratings, except, pos¬ 
sibly, tor ratings m “Ability to Learn" (I), because of the marked 
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vaiiabihty of lating tenclencies within both sc\eb. The iiidiviflual tlif^ 
fcrcncc? within cttlici sex aie moie pronounced than aic the dif¬ 
ferences between sexes 

6. The Effect of "Correcting” for Variability of Teachers’ 
Rating Tendencies 

If the lating by two judges on the same students luc ahke in cvc'y 
respect, except foi location on the scale, wc can ticat the latings statis¬ 
tically bv the Scott Company Method (4), and obtain icliable and 
compaiable results 

The West High School teachcis included in this study rated, on 
die aveiage, 47 students, a iiumbei sufficientlv great to justify an 
attempt to dcleiiiiine the effect of a coirection foi diftcicnccs m rating 
tendencies 

The latings on each tiait weic collected b 3 ^ the Scott Company 
Method, which may be desciibcd, as used in this research, as follows* 
Ficqucncv distiibiitions of eacli teacher’s ratings on cacli trait> as well 
as total scoies, are plotted and divided into five parts The iipi>cr 10 
per cent of ratings on each distribution arc assigned to a letter giadc 
of A , the next 20 pei cent, a lettci grade of B ^ the next 40 pci cent, 
Cy the next 20 per cent, and the lowest 10 per cent arc given an E 
lating In this manner, differences in tendencies to latc "high,” 
“medium,” oi “low” piesiimably aie equated The assumption under¬ 
lying this method of collection is that each gioup of subjects is a 
landoin collccfion of individuals, or at least selected in the same 
manner as evei v other group, and that they arc equal m then possession 
of the pcisonality traits included in the scale 

Lettci scoies mav be used statistically bv assigning values fioni 5 
to 1 foi tlie Ictteis A to E, lespectively This was done in this research 
and coiielations wcie then obtained between these “coircctcd” scores 
and scores. These coiielations (Pearson /) are presented in 

Table 8 

When scores are collected in the manner described above, there 
are very slight differences between the raw scores and the corrected 
scores as shown by the corielatioiis of about 90 The total scores in 
particular do not change significantly when corrected As might have 
been expected those ratings are least alike which are lated least reliably 
as measured by scattering of Median latings (See Standard Deviations 
of Table 4) 
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TABLE 8 


CocmciENT OP Correlation detvveen “Raw’' and “CoiiRtcTtn” Scores 
(W rsT High School) 


Tiait 

r 

Girls 

PE 

1 

Boya 

PE 

Both 

1 

PE 

I 

,86 

010 

90 

009 

88 

*007 

II 


005 

84 

014 

90 

006 

III 

,94 

005 

92 

007 

93 

004 

IV 

S3 

009 

90 

006 

90 

006 

V 

83 

012 

85 

013 

84 

009 

VIII 

93 

005 

89 

OiO 

91 

005 

Total 

9+ 

009 

94 

010 

.91- 

007 


Collecting ratings statistically in the mannei described does not 
seem to change the ratings to any marked extent since ‘'coriected^’ 
latings con elate veiy highly with uncoiiectecl oi “raw'* scores In 
fact, the correlation between “coirected*’ and “raw’^ scores is much 
higher than the leliability coefficients of cither kind of rating score. 
This fact leads us to conclude that tendencies to rate “too high'* or 
to rate “too low” aie not sufficiently pronounced to necessitate a cor¬ 
rection piQceduie, Such a conclusion is somewhat suipusing m view 
of prevalent expectations that any group of tcacheis will almost in¬ 
evitably contain some who aic “easy markers” and some who are “hard 
markers ” It is possible, of course, that such a tendency does not dis¬ 
close Itself in the initial stages of such a novel method of grading stu¬ 
dents as is afforded by a personality lating scale Perhaps, if such 
ratings were demanded as a loutine duty, such difteiential lating 
tendencies would emerge at a later date as attitudes of liaishncss or 
sympathy would have opportunity to ciccp into the whole lating 
procedure 

7 “Halo” as a Factor 

Other factois icmaiiiing constant, that lating method is the weakest 
which yields high corielations between obviously unrelated traits The 
data for a study of this factoi include ratings fiom all thiee schools 
West, Cential (1925), and Humboldt, 

Inter correlations between latings on each tiait weie obtained to 
show the extent to which they icpresent the same characteiistics 
These intercorrelations were obtained by coirelating ratings on Trait 
I, for example, with ratings on Trait II foi a group of pupils as af¬ 
forded by a number of different teachers. Since some pupils were 
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lilted by moi€ than one tcachei such pupils’ latings aie icprcscntcd 
moie than once. But wc aie concerned here with the Judgments that 
have been made. The corrcl.itioiis picscnted, accoidingly, show the 
degree of relationship between latmgs bv individual teacheis on de¬ 
ferent traits. 

Wc might have aveiagcd the latings of two oi thiec teacliers in 
order to inciease the icliability of ratings for each trait, but the num- 
bci of students who weie rated by moie than one teacher was not large 
enough to wairant such a pioccdurc Fuithcrmore, such a method of 
obtaining intercoi relations would piobably incicase the coefficient of 
con elation The measures were notf collected for attenuation, since 
no true reliability coefficients weic available, no tcachei having lated 
the same pupils at two difteient times 

Bearing in mind the fact that if our mcasuies wcic nioic icluible 
the intercorrelations would be highci, wc will turn to Tables 9, 10 
and 11, which present coefficients of coirelation, showing the lela- 
tionship between unaveraged estimates of each trait 


TABLE 9 

Imtcrcorrllations of Ratings OnrAiNto at West High Schooi 


Traits 

I 

11 

III 

IV 

V 

VIII 

I 


Boys, 66 
63 

1 a lings on 47 ho> 
39 

s 

49 

29 

56 

II 

03 


47 

.51 

46 

52 

III 

39 

.47 


.72 

94 

72 

IV 

49 

51 

72 


so 

71 

V 

29 

46 

9+ 

SO 


71 

VIII 

S6 

52 

72 

71 

71 


A ^erage 

47 

52 

65 

65 

64 

6 

I 


Girls, 74 
79 

latings on 47 giil 
73 

s 

75 

72 

S5 

II 

79 


70 

88 

63 

79 

III 

73 

70 


30 

79 

82 

IV 

75 


SO 


81 

33 

V 

72 

68 

79 

81 


78 

Ylll 

85 

79 

82 

83 

78 


Avei age 

77 

77 

77 

81 

76 

SI 


High dcgiees of mte icon elation between pcisonality i a tings on 
dilferent traits may mciin one oi both of two things (^0 the scale used 
IS pooily constiucted since the traits being rated oveilap to a marked 
extent, oi (b) the rateis have not analyzed then subjects sufficientlv, 
but have judged tlicm in each trait nccoiding to their own generalized 
attitudes towaid them 
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TABLE to 


Intercorrplations 

OF Rat IN03 OnjAiNED 

AT Centra! 

High 

School, 

1925 

Traits 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 



Boys, 

, 210 

ratings 

on 80 boys 




I 


78 

64 

.64 

43 

55 

48 

83 

11 

78 


58 

70 

39 

56 

,69 

.71 

in 

64 

53 


,65 

50 

28 

31 

60 

IV 

64 

70 

65 


.48 

59 

55 

61 

V 

43 

39 

50 

48 


27 

42 

40 

VI 

.55 

56 

n 

,59 

27 


84 

49 

VII 

48 

69 

n 

55 

42 

84 


63 

VIII 

83 

71 

60 

61 

40 

49 

63 


Averdge 

62 

63 

51 

60 

At 

51 

56 

61 


Girls, 

290 

ratings 

on 134 girls 




I 


72 

64 

67 

57 

55 

57 

80 

11 

72 


.58 

78 

63 

64 

6+ 

69 

III 

64 

58 


70 

60 

.39 

48 

65 

IV 

67 

78 

,70 


77 

58 

64 

76 

V 

57 

63 

>60 

77 


,53 

72 

70 

VI 

55 

64 

>39 

58 

53 


77 

59 

VII 

57 

64 

.48 

64 

72 

,77 


70 

VIII 

.80 

69 

65 

,76 

70 

59 

70 


Average 

65 

67 

,58 

70 

,65 

58 

65 

70 


TABLE U 

Intbrcorret.ation of Ratings Obtained at Humboidt High School 


Traits 

1 

II 

in 

IV 

V 

VI 

VII 

VIII 



Boys, 30 ratings on 

i 30 boys 




I 


61 

,55 

49 

54 

08 

45 

59 

11 

61 


,81 

59 

.65 

43 

70 

63 

III 

55 

81 


67 

73 

23 

.64 

.75 

IV 

49 

59 

,67 


67 

34 

53 

70 

V 

54 

65 

,73 

67 


33 

54 

76 

VI 

08 

43 

23 

34 

33 


70 

17 

VII 

45 

70 

,64 

53 

64 

70 


44 

Vlll 

59 

63 

75 

,70 

76 

17 

44 


Average 47 

63 

,63 

57 

62 

33 

59 

58 



Girls, 60 ratings on 

1 60 girls 




I 


90 

.50 

,55 

52 

79 

64 

.95 

n 

.90 


35 

62 

50 

82 

73 

76 

HI 

50 

35 


49 

.66 

23 

73 

56 

IV 

,55 

62 

49 


59 

53 

53 

68 

V 

52 

,50 

66 

,59 


41 

51 

66 

VI 

79 

82 

23 

,53 

41 


72 

74 

VII 

64 

73 

73 

53 

51 

72 


63 

VIII 

95 

76 

56 

68 

66 

74 

63 


A\eragc 69 

67 

50 

.57 

55 

61 

64 

71 



I he constiaction of the sc<ilc upon which latinj^s weic uhtuincd in 
this study aigues foi lack of extensive ovci lapping ni some of tlic 
traits at least Ability to Lc.un^’ (I) is (jiiitc distinct from "In¬ 
dustry (II) foi example, as shown by ]Mav\ study of the relationslup 
between Hours of Study, Intelligence, and Scholarship ('?) The 
con elation between “Homs of Stiulv” and “Intelligence" was —0 35. 
The nuiiibei of hours spent in study is one mcnsuie of industiimisncss, 
at least as defined m the latuig scale. The definition of '‘Industiv” 
IS in tcims of “powei of concent i at ion and sustained attention as 
shown bv perseveiancc and application to studies" Houis of study, 
then, should be highly coiiclatul with “Indiistiv/’ and rce the coi rela¬ 
tion obtained between "Industiy" (III) and “Ability to Lea nr (1) 
IS positive West High School tcaclieis’ latings coirtldtc +0 39 foi 
boys and +0 73(!) foi giils Ccntrial High School tcaclieis’ ratings 
on these two tiaits coiiclate +0 6+ foi both boys «ind giiN, and 
latings bv Humboldt High School tcachcis on the same tiaits coiic- 
lale +0 55 and +0 50 foi boys and giils, icspectivcly 

Faiily high inteicoirelations may be expected between some of tlic 
other traits, such, c g , as “Ability toLenni” (I) and "Iiutiativc” (II), 
“Initiative" (II) and “Dependability” (V), "Iiidiistiy” (HI) and 
“Scholastic Zeal" (IV), and “Capacity for College Work” (VIII) 
and all the other traits, though the piecise degree of coi ielation which 
should be expected would be difficult to determine 

The latings obtained fioin Ccntial High School and Humboldt 
High School contained a sufficient number of ratings on Tiaits VI 
and VII (“Outside School Interests” and “Civic and Business 
Interests") to allow foi obtaining lehablc inteicoi relations between 
these tiaits and the other traits 

Theie is no leason to expect that cither of these tiaits should cor- 
lelatc with the other tiaits to any maikcd extent, since all of the other 
traits arc aimed to diffcientiate good students fiom pool students No 
one has demonstrated that a high correlation exists between cxtia- 
curriculai activities oi civic and business activities and scliolaiship 
But in these ratings the average intcicorrelations between Traits VI 
and VII arc almost as high as the average intci cm relation between 
“Capacity foi College Woik” (VIH) and all of the othci traits, each 
of wliich presumably is indicative of general capacity for college work 

It seems probable that, although there is some overlapping of traits 
in this scale, the chief factor which causes high intcrcoriclations is the 
“halo” factor This factor affects the latings of giils more than the 
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ratings of boys In gcneial, this factor has operated to ieduce the 
reliability of these latings as legaids specific tiaits, tliiough obscuring 
critical analysis by the piesencc of general attitudes In a later part 
of this study evidence will be picsentcd which will enable us to 
define more definitely the piobable basis of the gencial attitudes 
referred to* 

Summary 

Fiona the foregoing study of teachcis’ personality ratings it appears 
that such ratings lack high degiecs of lehabihty, as evidenced by the 
following icsults, 

1 Skewed distiibutions of ratings aie gene rally obtained, showing 
that teachers do not difteicntiate equal degiees of possession of per¬ 
sonality traits from the lowest to the highest 

2 “Spread” of ratings vanes to a marked extent fiom one tcachei 
to another, though the variability of all ratings by all teachers is ap¬ 
proximately normal 

3k Although gioups of teachers agree on the relative degree of 
possession of peisonality tiaits by thcii students, individual teachers 
vary markedly in their tendencies to rate “high,” “medium,” oi “low,” 
thus reducing the reliability and ^^comparability” of ratings bv differ¬ 
ent teachers, 

4 Teachers were unable to difteientiate differing gioups when 
lated one year apart In other words, they do not gcneiallv shift 
their rating tendencies to confoim to group aveiages 

5* Sex differences in ratings exist since both men and women 
teachers tend to rate giils as superior to boys, even though test records 
show an opposite trend This factoi, however, is not very impoitant, 
since differences within either sex aic much more pronounced than 
are diftercnces between the sexes 

6, When ratings aie “corrected” in order to reduce diftercnces in 
rating standards the results are not markedly different fiom the 
original ratings, 

7 The "halo” factoi is present in teachers’ ratings and operates to 
reduce their reliability This factor affects the latings of girls to a 
greater extent than the ratings of boys 

It appears that there are a number of factors at woik to reduce the 
reliabilitj^ of teachers’ ratings of personality when those latings are 
obtained under usual conditions as they exist in large high schools, In 
order to increase the reliability of such estimates, careful training of 
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teachers in habits nf obseivation niul stu(l\ oi indivulual diffeieiices 
among then pupils seems desirable tind essential if we aic to obtain 
valid measuics of those personality traits foi winch tlicic aic now no 
objective tests 
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SCHOLASTIC ACHIEVEIVELNT OF INDIAN PUPILS’^^ 

Umvetstty of Obl^/wma 


Harvey C. Hansi n 


TJic American people, in assuming the ovciloidship of the western 
continents, fell heir to recuiicnt racinl problems The early at¬ 
tempts at dispossession of the native inhabitants cm Uumated m the 
Century of Dishonor ” Although this period has been succeeded by 
sever al decades of altnnstic endeavor on behalf of the Indians, it 
IS gencially conceded that the natives arc not yet thoroughly ab¬ 
sorbed into the Ainciican social fabiic Scientific investigators and 
lay fneiids of the Indian have advanced «i nuinhci of reasons m at¬ 
tempting to account foi this fact Among those most frequently 
mentioned is the prevalence of segregated education of Indians 

A depaituie of the last few yeais that has iliawn much favoi- 
able comment is the popular trend toward the inclusion of Indian 
children in the public school system In Oklahoma, where approxi¬ 
mately ot\e-thud of the natioiVs Indians live, 85 pci cent of the 
Indian pupils aic now enrolled in the public schools, This changed 
situation has given rise to questions concerning the success xvith 
which white and Indian childicn are being educated together in tlicse 
schools 

To provide a partial answei to these questions, certain aspects of 
the compaiative achievement of 529 Indian children ciiiollcd m 
public schools, 507 of then white classmates, and 516 Indiatr hoard¬ 
ing school students wcie investigated Cliildicn selected fiom 34 
public scliools and seven boaiding schools were subjected to acliicvc- 
ment tests. To make the public school Indian group as icprcscnta- 
tive as possible, city, village, consolidated, and oiic-ioom anal schools 
were included in the testing The study covered a major portion of 
those sections of Oklahoma which have any considerable number of 
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leport of a field study on which was based a thesis presented for the 
degree of Doctor of Education at the University of OU.ihoma in 1935 Ac¬ 
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statistical treatment of the data 
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Indian children in the public schools The larger public schools at 
Yvliich tests were given included those at Pryor, Pawnee, Hominy, 
Pawhiiska, Stihvell, Tahlequah, Castle, and Anadarko, and the 
training school at Noilheastern State Teachers College 

At scores of schools the extent of Indian enrollment was investi¬ 
gated Whenever a public school with a number of Indians in 
attendance was visited, all of them were tested. At the same time 
approximately equal numbers of white pupils enrolled in the same 
grades were examined Those selected veiv adequately represented 
their respective racial types 

The Indians were i epresentative also from the tribal standpoint, 
for they came fiom 21 tribes 

To f.ncilitate closer aiialvbis, the data concerning Indian pupils 
of half blood were separated from those pci taming to full blood 
Indians Table 1 gives the number and the mean age of the pupils 
tested in each school-iacial group. 


TABLE 1 

Number Tested and Mean Ace ior Five School-Racial Groups 




Ilnlf blood Indians 

Full blood Indians 


White 

Public 

Boarding 

Public 

Boarding 


pupils 

school 

school 

school 

school 

Niirnbcr 

507 

US 

93 

38+ 

423 

Meon age 

9.5 

10 2 

U 9 

10 7 

121 


Testing Material 

The seventh, oi Apiil, examination of the Oklahoma edition of the 
Tf/icy Short Answei Tests was used (10). Each examination pro¬ 
vides from foul to seven subject tests for each grade There were 
8266 sepal ate subject tests scoied 

The Tracy Tests weie chosen in preference to any of the published 
achievement tests which aie nationally standardized because the for¬ 
mer have a curiicular validity m Oklahoma that piobably is not 
approximated by any other published test that could be used for all 
elementary grades The nationally standaidized tests base their 
norms on the average peiformance of thousands of subjects who 
have used a great vaiiety of textbooks, but they aie relatively 
invalid for testing pupils wlio have used textbooks adopted m a given 
state. In the Tracy Tests, on the other hand, the questions arc 
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based on the presciibed textbook and state com sc of stuclv material 
covered dinuig the preceding four weeks The tcachcis’ compliance 
AVitli state icquiicmcnts is not perfect, but variations fiom school 
to school affect white and Indian pupils* test scores to approximately 
the same degree. 

The validity of the Tracy Tests foi tlic paiticular aim of this 
study was enhanced because their use muiimwcd the cftcct of those 
differences in ability between Indian and white pupils wliicli aic due 
to general enviiofimcnt<il factois The use of nationally stamlaidizcd 
tests would have given the white pupil, with his wulei exposure, a 
bettei opportunity to make a high grade nicicly because of Ins wider 
knowledge That is, his cxtia-ciiriiciilar, and especialIv liis extra- 
textbook, learning would have been capitalized to a gicatei extent 
if he had been answering the questions of a test not so closely allied 
with the textbooks in use in the schoohooiiu The Indian child de¬ 
pends for a greater pioportion of his exposure upon actual iichool- 
room situations, including the specific subject matter of the textbooks 
he IS using Thcrefoic, more neatly perfect curricular validity of 
the testing instruments opciatcs to place the Indian child moie 
nearly on a par with his white classmate 

CoMPARVTivB Achievement of Five School-R‘\cial Groups 

In Table 2 is piesented a summary of data seemed The scores 
for the various grades have been averaged for each subject and for 
each of the five school-i acial groups 

The white pupils, although the youngest, with an average age of 
9 5 years, secured a mean scoie of 112, the public school half 
bloods, eight months older, a score of 10 7, the public school full 
bloods, foul teen months older than the wliitc pupils, a score of 9 2. 

The boarding school pupils, two and oiic-lialf years oklci than 
the white pupils anti one and onc-haH years older than tl\e public 
school Indians, secured scores of 10,0 for the half bloods and 9 3 for 
the full bloods. 

Considered subject by subject, it is found that the general trend 
of the group averages of the composite mean scores is followed more 
or less closely by the individual subject scores Reading is a partial 
exception, as m this subject the public school half blood Indians scored 
higher than the white pupils. Wilting presents an interesting varia- 
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TABLE 2 

Composite Mfan Score dy Sudject, Group Average, Standard Deviation 
or Group Average, awd Coli picient or Variation, by Group 

Composite rnenn score 

White pupils Half blood Indians Full blood Indians 
Public Boarding Public Boarding 
Subject school school school school 


Spelling 

144 

HI 

11$ 

11,8 

109 

Writing 

102 

11 1 

11.5 

10 5 

10.9 

Reading 

8 9 

9,1 

78 

6 1 

65 

Antlimetic 

97 

80 

96 

7 1 

86 

Language 

11.5 

10 2 

86 

90 

8 1 

Social science 

1L3 

97 

93 

9 5 

90 

Physiology 

15 3 

14.2 

114 

12 2 

11 8 

Group average 

112 

10 7 

10 0 

92 

9 3 

Standard deviation 

70 

6.7 

63 

69 

7 0 

Coefficient of variation 

62 5 

62 6 

63 0 

75 0 

78 7 


tion, for cacli one of the Indian groups tests higher than the white 
gioup, as scored on the nationally standardized Piactical Hand- 
wiiting Scale (11). 

The coefficients of vaiiation foi the two full blood groups are 
conbiderably higher than those for the other groups. This situation 
is a natuial concomitant of the oveiageness of many of the full blood 
Indians, as the ictaidation of a poition of the group causes the scores 
to have a widci lange 

Comparison of Threl Public School Racial Groups 

Because state adopted texts weie not so caicfully followed in 
the boat ding schools as in the public schools, and also because 
the pupils in the boaidmg schools weie taught by diffeicnt teachers 
and under diftcrcnt instiuctional suiioundmgs, the boarding school 
data do not have the validity that the public school findings possess. 
Thcrefoic, to peimit a moic exact statistical ticatment of the differ¬ 
ences of the means, the scores of the three public school gioups were 
compaied with each othei, with the boaiding school data eliminated 
fiom considciation 

Table 3 gives the mean age of each of the tiuee public school 
gioups 

The numbci of tests adminisieied in each gioup, enumciated sub¬ 
ject bv subject, is given in Table 4 The composite mean scoics 
and the standard deviations—data needed m calculating the stand- 
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TABLE 3 


Mpan Agf for Titrei^ Pujji ic Schooi Groups 


White pupils 

Half blood Iiichaiis 

Full blood Indians 

Mean age 

9 5 

10 2 

107 


TABLE + 


Number of Tlsts 

roR 'IuRrr Puni ic Scnooi Groups i\\ Suiijicr and Groih* 


Niiinbci 

of ttMs 


Subject 

White pupils Half blond Indians 

Pull blood Indians 

Spelling 

505 

LIS 

Z%Z 

Willing 

505 

145 

376 

Reading 

507 

145 

378 

Ai ithmetic 

507 

145 

382 

Language 

285 

98 

194 

Social science 

218 

71 

118 

Physiology 

164 

51 

117 

Total 

2691 

806 

1977 


TABLE 5 

CoMposiTfi Mean Sconr and Standard Deviation ior Tiirfe Puniic Scnooi 
Groups nv Subject and Group 


Subject 

White pupils 
Composite 
mean SCO] e SD 

Half blood Indians 
Composite 
mean score S )3 

Full blood Indians 
Composite 
mean score S D 

Spelling 

u-v 

84 

U 1 

7 6 

118 

78 

Wilting 

10 2 

77 

11 1 

77 

10 5 

8 4 

Rending 

8 9 

5 V 

9 1 

3 0 

6 1 

5 2 

Arithmetic 

97 

64 

8 0 

6 3 

71 

6 2 

Langiiagr 

11 5 

58 

102 

S3 

90 

5 3 

Social science 

11 3 

58 

97 

5 3 

95 

3 9 

Physiology 

15 3 

5 1 

142 

S 0 

12 2 

5 4 

Group a\erage 

11 2 

70 

10 7 

6 7 

92 

69 


aid cirors of tlic means and thence tlie stand aid cirois of the difter- 
cnccs—aie shown in Table 5 

Table 6 shows the alj^ebiaic diffeiencos bet\iccn tlic icspectivc 
mean scores of the white pupils and of the public scliool lulf blood 
Indians, togethci with the si^nific«iiice of the diftereiKcs expressed 
«is chances in 100 of tine diftcienccs 

It IS to be noted that when the ‘'diftereiice'’ column L.iiries a minus 
quantity, in the ‘‘chances'’ column the coi icspoiuhnj]; number indi¬ 
cating chances in 100 is iindcilined Such an iindcilined niiinher 
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TABLE 6 

Difference and Significancp or Difference uetween White Pupils^ Com^ 
posiTE Mean Subject Score and Public School Half Blood 
Indians’ Composite Mtan Subject Score 



Composite mean subject scoie 





Difference 

Chances 


Difference 

Standaid 

divided by 

in 100 


(Wlntc minus 

cnor of 

SD of 

of true 

Svib)cct 

half blood) 

difference 

difference 

difference 

Spelling 

3 

7 

,4 

65 

Writing 

^ 9 

7 

—1 3 

90* 

Reading 

-- .2 

+ 

— .5 

69 

Arithmctu: 

1.7 

6 

2 8 

100 

Language 

1 3 

.6 

22 

99 

Social science 1 6 

7 

2 3 

99 

Physiology 

1 1 

8 

1 4 

92 

*An vinderhned numbei 

19 to be read 

as chances u\ 100 

that the true 

difference 

will favor the 

second—that is, 

, the half blood group 


indicates the chances in 100 that the tuic cliffeience will favoT the 
second—that is, the Indian—gioup. 

Accoidingly, the table indicates that there aie 65 chances m 100 
that white children in Oklahoma schools will leccivc bcttei spelling 
scoies than will theii half blood classmates, but there are 90 chances 
m 100 that the supeiioiitv will be reveiscd in the case of writing. 
There is a piactical ccitainty that scores in aiithmetic, language, 
and social science will favor white childlen On the other hand, 
there is better than an even chance that the half blood Indians, with 
their eight additional months of chronological age, will secure 
higher reading scoics than the youngei white chirdien. 

In Table 7 is found a comparison between public scliool white 
and public scliool full blood Indian scores The white pupils’ scoics 
significantly exceed the full bloods’ scoies in every case except in 
writing, where the diftcicnce is reversed 

Table 8 reveals the degiee of oveilappmg that is found wlieii the 
white pupils' distribution is compared with that of each of the 
Indian groups The diffcicnce between the mean score of the white 
gioup and the mean score of the half blood group is 5 This is 
divided by the standaid deviation of the scores of the half blood 
group, or 6 7, which gives the quotient 07 This represents the 
diftcrcnce between the means in terms of the standard deviation. 
Then a standaid tabic of areas of the normal probability curve is 
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lABLE 7 

DirFERPNCF AND SlCNinCANCh OF DlFFtHLNCE ULTWEl N WllITE PuPlIS* CfJM- 
PosifE Mean Sun jpci Scorp and Punuc Schooi Fuil Hiood 
Indians’ Composite Mfan bunjFcr Score 

Composite mean subject score 

Difference 

Difference Standard divided bv 

(white iTiimis enoi of S l> of 

Subject full blood) diffcicucc difference 


ClianccB 
in too 

fif (niiL 

difference 


Spelling 

Writing 

Reading 
Arithmetic 
Language 
Social science 
Physiology 


26 6 

— .3 5 

2 8 4 

2 6 4 

25 5 

1 8 5 

3 I * 6 


4.3 

100 

- 6 

73* 

7 0 

100 

6 5 

100 

5 0 

100 

3 6 

100 

5 2 

100 


*An underlined number is to be read as chancei in 100 that the true 
difference will favor the second—that is, the full blood group 


TABLE 8 

PERCENTACF OF IIaIF Bi OOD AND OF FUIL UlOOD PUDIIC SClIOOt INDIANS 

Whose Individuai Mean Scorls Equal or Exci cd 


CoMPOsiTF Mean Score of Whitf Group 


White 

White 


and half 

and full 


blood groups 

blood group! 

Composite mean score 

White 11 2 
Half 10 7 

White 11 2 
Full 9 2 

Difference between means 

Standard deviation of composite 

5 

20 

mean score of Indian group 

Difference between two means in 

6.7 

69 

terms of standard deviation 

Difference between two means in 

07 

29 

area of normal distribution 

Peiceiitage of Indian group equaling 

2 8% 


or exceeding mean of white gioup 

47 2% 

38 6% 


entered in terms of the standaid (lcviatioii> tins proccduie yielding 
the cliiTeicnce between the means as a percentage of the half blood 
normal di^tiibution If this 2 8 pci cent of the Indian group be 
subtracted fiom tlie 50 pci cent that lies tibovc its own mean, tlic 
resulting lemainder indicates that 47 2 per cent of the Indian group 
lies above the mean of the white group 

By tile same method of computation it is found that 386 DCi 
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cent of the individual full blood Indians leach oi exceed the aver¬ 
age perfoimalice of the white pupils 

Appraisal and Conclusions 

Tlicie aie certain difficulties which aic ficiiuently encountered 
in the carivmg out and intcrpietation of comparative lacial studies 
of school achievement Races aie in a state of flux, theie is racial 
feeling, eithei of antagonism or of inferiority, language handicaps, 
especially in the case of bi-lmgual subjects, aftcct the icsults, irregular 
attendance conceals potential achievement; the incentive to learn 
may be lacking In shoit, it is ficqucntlv declared that the entire 
pattein of liome and community environment is such that no attempt 
can be made to equate racial gioups (1, 2, Sj 9, 12) 

While acknowledging the truth of the piinciples stated above, it 
should be noted, in appiaising the icsults of this study m so far as 
they relate to Oklahoma public school pupils, that the Indian child 
is taken as he is, as a mattei of choice He is tested in the setting 
in which he is found, both because that is wheic he can the most 
easily be tested and also because the purpose ot the investigation is to 
ascertain how successfully he and his white classmates are being 
educated togethei Whatevei the cause may be, if the Indian’s test 
score IS low, so also is his giadc of achievement in his oidinaiy school¬ 
room work The examination is a real measure of his usual 
scholastic success 

The data presented appear to justify the following conclusions 

1 No clear-cut difteieiice in achievement between public and 
boaidiiig school pupils of Indian blood is levealcd (8) The public 
schools seem to serve the academic needs of the youngei, more able 
Indian pupils, the boaiding schools, the requiiemcnts of the older, 
moic retarded pupils 

2 In the public schools theie is a veiy definite supeiioiity in 
the general achievement of the white child as compaied to that of 
the half blood Indian A gieatei dilteicnce is found when the 
white child's scholastic success is compaied with the full blood’s 
In eveiy subject except writing the white child excels, with the 
diifciences statistically reliable This situation, combined with the 
disparity in ages, introduces an clement of heterogeneity into the 
public schools that may have a detrimental effect upon instiuction 

3 The data secured in this investigation aie cntiiely consonant 
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\VJtli tlic icsults of n\an\ etiilici sUidies ^Yh^Lh ii.we been leviewcii, 
foi tlic bCcomlAry data show, almost luvaiiahly, a Infill pcieciitaKC of 
retardation (8), and a low level of mcasuicd intclliKC?ncc of Indian 
pupils (3, 4, 6, 7) 1 his iiitcllcctiial and scliool achievement status 

IS due to tile entire socio-racial pattern of influences which bcir 
upon Indian pupils The rcaht)^ and idative wcid»t of those factois 
which may be hioiogicallv innate remain undetermined 

4 T-'lic marked vaiiabihtv of scores within tlic full blood gioups 
and the high pciccntage of ovcihipping of white scoies by Tndi.in 
scores is suggestive While the inajoiity of the Indian pupils lend 
to lower the avciagc pcifotmaiicc of the giadcs anil schools of 
which they aie mcnabeis, a few individuals among thcni do excellent 
work and picseiit no admiiustrativc problem Tliey have possi¬ 
bilities rts future leadeis and citi/Lcns 
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THE DEVELOPMENT OF VISUAL ACUITY IN THE 

CAT* 

lJ7tivir3ity of RocJtestct 


J W^RKENTIN ATJD K U. SmITH 


I Introduction 

In recent ycais the fact has become mctcasinglv evident that tlie 
complex nature of vision in the adult imimmal must be understood 
partly in terms of the growth and development of visual capacity m 
ontogeny. Animals of the same species vaiy greatly at different 
ages in their capacity to respond to visual and othci types of external 
stimulation^ and these differences may be shown to be \\\ part a func¬ 
tion of the past histoiy and development of the individual. TTIie 
character of vision m the adult mammal thus represents an integra¬ 
tion of physiological processes which have passed tliroiigli various 
stages of development m the life history of the organism The 
description of these stages of development of visual capacity and asso^ 
ciated pliysiological changes constitutes one main aspect of the general 
problem of vision 

Although numeious studies have been made of the ontogenetic 
development of visually deteimined responses in animals, the relation 
between the appearance of such reactions and the sensory capacity 
of the organism is not yet clear, This lack of knowledge may be 
attubuted largely to the absence of metliods which wdl permit quan¬ 
titative measurements of visual capacity during the caily peiiod 
of growth In the piescnt study a method is described which makes 
possible tlie quantitative determination of visual acuity in young 
mammals and results arc piesented conccniing the relation between 
visual acuity and the development of certain visually determined 
reactions in the cat 

II Prior Studies of the Ontogeny or thf Visual 

Mechanism 

Several approaches have been utilized in the attempt to ascertain 
the character of visual development in different animals. Usually 

♦Accepted for publication bv Leonard Cnrmicbael of the Editorial Bo.ird, 
and icceived in the Editorial Oftice on December IS, 1936 
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these techniques were not onguiated specially for use in a study of 
ontogenetic development, but rather in phylogenetic studies, Thr 
techniques used up to the present time in such studies may be grouped 
under three headings, (a) Experiments centci mg about the obsciva- 
tion of the development of vaiious lesponses dining the process 
of growth, (b) studies of the electrical excitability of the cortex 
and other ncivous stnictiiies at different ages, (c) investigations of 
the degree and sequence of myelination of tracts in the nervous 
system, especially that part of the nervous system related to the optic 
connections, 

Table 1 suramaiizes some of the experimental results bearing upon 
the development of visually controlled behavioi and othei growth 
changes associated with vision in iioimal animals Although incontest¬ 
able conclusions concerning the development of vision in ontogeny can¬ 
not be derived from these data, they emphasize further the extensive 
variations occurring in animals at diifeicnt stages of growth A 
more detailed account of the liteiature related to the present problem 
IS picsented in the following paragraphs 

1. Behavioral studies. The investigation of the ontogeny of 
vision consists in the deteimination of the sequences of growth which 
lead to the appearance of visually controlled behavior. It is neces¬ 
sary to realize that the word “vision" is used to chaiacterize a number 
of different types of behavioral adiustments, ranging fiom. closure 
of the pupils to the highly verbalized perceptual reactions of the 
adult human individual. The study of the ontogeny of vision there¬ 
fore entails a considciation of the development of the many diffeient 
aspects of behavior which arc subject to visual contiol 

Beginning with repoits regarding the ontogeny of vision in the 
lower mammals, it is found that Small (37) obseived that young 
albino rats open their eyes at the ages of 15 to 17 days, give lid 
reflexes to light at the age of 17 days, and only at a latei time 
respond to moving objects by means of visual pursuit reactions 
Tilney (42) observed that the eyelids open at the age of 14 to 17 
days ill the rat Visual pursuit reactions of the head and eyes 
occurred as soon as the eyes were fully open, but at this age vision 
did not seem to be involved in the general behavioral adjustments 
of the animals Tunici (45) studied the development of vision m 
rats by means of a technique in which the animals were required 
to discriminate the position of a black exit door m an othei wise 



TABLE 1 

The Ace in Days When Eye Opening and Certain Visually Determined Reactions Were First Observed 

Different Experimenters on Various Animals 
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brightly lightefl field. The results of this expeument indicate a 
definite difference between the ability of young rats to find the exit 
dooi befoie and after the eyes open Even if the eyes opened early, 
thcie was evidence of infeiioi distance vision up to the age of 16 or 17 
days 

Wesley Mills (28) carried out some of the first observations on 
the ontogeny of vision m neonatal animals In observations of 3 
guinea pigs he found that the eyes were open at birth, and that 
the lid reflex to light was present also at that time Visual pursuit 
reactions were observed in these animals when they were 2 days old 
Some years later, Avciy (3), in a study of scvcial late guinea pig 
fetuses, found that the eyes were opened at gestation ages between 
55 and 59 days, that the pupil i espouse to light was present at 59 
days, and that visually determined avoidance of obstacles took place 
at 63 days of age Newboin guinea pigs had then eyes open and 
gave pupil and lid response to light, In a still more recent study of 
fetal guinea pigs, Carmichael (7) found that, if the eyelids were 
surgically opened, eyeball movements coi related with light stimula¬ 
tion were observed after the gestation age of 45 days Responses of 
the ins to light were observed at 41 to 45 days gestation age 

In a study of two young labbits, Mills (28) found that the ani¬ 
mals opened their eyes between the ages of 10 and 12 days, and gave 
visual pursuit reactions at the age of 22 days, Magnus (24) found 
the eyes open at the age of 8 days in 4 rabbits. He also observed 
that air righting reactions, which are in part visually determined 
(Mullci and Weed, 30), were picsent at the age of 18 days, Kao 
(36) observed the pupil lesponse to light m rabbits on the same day 
that the eyes opened, i e., at the age of 12 days. 

Mills (28) also investigated the development of 7 St Bernaid 
puppies and of 7 mongrel puppies The former opened their eyes 
at the age of 13 days, and visual pursuit movements appeared at the 
ages of 18 to 23 days The mongrel puppies opened their eves at 
the age of 10 days, gave the lid reflex to light at 20 days, and visual 
pursuit movements also at the age of 20 days Michailow (27) 
found that pupil contraction to light in dogs with operatively re¬ 
moved eyelids was present at ages between 5 and 7 days A kitten 
studied by Mills (28) opened its eyes at the age of 10 days, gave 
lid reflexes to light at the age of 11 days, the pupil reflex at tlic 
age of 12 clays, and visual puisuit movements at the age of 14 days 
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hni^ r"' ‘ response is present at that same age, 

r il A reactions could not be elicited until the age 

of 14 days Langworthy (20), observing several kittens, found that 
the eyes opened at ages between 6 and 10 days. At the age of 14 
days the kittens gave visual pu.suit reactions, while the air righting 
reflex was developed during the fourth week of life In a larec scrich 
of kittens. Windle (49) obscivcd that the eyes opened at ages be¬ 
tween 7 and 10 days, at winch time the pupil response was also 
present Contiaiy to the observation of Mills, he found that the 
hd reflex to a biight light was active at birth At 1+ days of age, 
Vvindles kittens avoided objects visually, at 15 to 21 days thev 
gave visual pill suit leactions, and dm mg the fouith week thev 
developed the falling leflcx 


T\yo studies are available on the development of visuallv detcr- 
mincd responses of infra-human piimates. Tinklepaugh and H.ut- 
inan (44), in observations on 3 monkeys, determined that the pupil 
reflex to light was present at the ages of 2 to 3 days The lid 
response was observed only on one monkey, and then at the age of 
8 days. Visual pursuit movements could be elicited at ages of 
5 to II days, but such icsponscs could ncvei be obseivcd if a striated, 
rotating visual field was presented to the animals. This latter 
aspect of the experiment of Tinklepaugh and Haitinan seems diffi- 

u“ '“'"I** experiment 

by McGinnis (25) on the human infant, in which it svas found tliat 
oculocephalogyiic lesponscs svere induced by rotating the visual field 
Another experiment is that of Jacobsen, Jacobsen, and Yosluoka 
(15), who observed an infant chimpanzee fiom the time of birth 
It was found that the lid leflcx could be elicited during the first day 
1 upillary constiiction to biight light was also seen on the fiist 
day. Although this icaction was quite weak at such an early age, 
It became more and nioie definite duiing the first week of life' 
Visual pursuit movements were seen at the age of about one week 
A large number of observations of the development of visually 
determined responses have been reported in studies of the human 
infant, but the majority of these studies were not carried out under 
controlled experimental conditions and the results are consequently 
of qualitative nature The literature pertaining to studies of the 


appearance of the pupillary and lid reflexes, fixation, conjugate eye 
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movements, visually determined grasping reactions, and other types 
of visually determined behavior have been summarized by Jones 
(16), Pciper (31), McGinnis (25), Shirley (36), and Pratt (32) 

The experiment of McGinnis (25) has already been mentioned 
It IS of special interest because this author was able to elicit ocu- 
loccphalogyric responses m human infants during the first 12 hours 
aftei birth Although these responses seemed to be weak and infre¬ 
quent at this time, they became more definite as well as more fre¬ 
quent with increasing age Successful ocular pursuit movements 
were observed by the age of 2 weeks, and by the age of 6 weeks these 
reactions were quite legulaily elicited 

2, Electrical Stimulatwn Expetimeiiis Although studies on the 
electrical excitability of the coitex and of other neural structures 
constitute what may be considered as an indirect appioach to the 
problem of the appeal ance of visual function, they shed valuable 
light on the neural mechanism involved in the development of 
visually determined leactions, 

One of the cailicst studies of the electrical excitability of the coitcx 
of voimg mammals is that of Soltmann in 1876 (41) He seemed 
to find a con elation in time between the opening of the eyes in young 
dogs at the age of 8 davs and the first responses of the forelimbs which 
could be elicited by cortical stimulation at the age of 10 days. More 
recently, Michailow (26) pcifoiined a number of careful observa¬ 
tions on the electrical excitability of the coitcx m young dogs. In 
puppies less than 24 houis old this iiivcstigatoi was able to elicit 
turning of the head in a horizontal plane, contractions of the neck 
muscles, and raising of the licad At the age of 3 days, electrical 
stimulation of the cortex elicited lateial movements of the eyes, which 
were often combined with movements m a vcitical plane Two 
davs later, Michailow saw turning of the head about the body axis 
and closing of the eyelids. At the age of 9 days stimulation elicited 
enlargement of the pupils, while conjugate movements of the eyes 
appeared at the age of 10 days This study appears to be one of the 
first reported in the literature which presents an analysis of the cor¬ 
tical centers fiom which eye reflexes and head movements could be 
elicited in young mammals Michailow (27) also earned out a study 
of the pupillary reflex in 18 puppies After removing both upper 
and lower eyelids in the young dogs, Michailow exposed the vago¬ 
sympathetic nerve on one side of the neck, and stimulated the nerve 
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electrically He found jio evidence of normal eye rcfle\cs at birth, 
but observed that thcbc developed at vaiious ages after biitli The 
nictitating membrane leflcx was tlic first eye reflex to be elicited 
by stimulation of the nerve, and was picscnt at tlic age of 3 days 
After the age of 5 days the pupils began to respond to light, hut stimu' 
lation of the nerve did not elicit pupil responses till the age of 
7 days At the age of 7 to 8 days, forward movements of the eye¬ 
ball could be elicited by stimuLition of the VtXgus nerve Weed and 
Langworthy (47, 48) studied the elcctiicnl excitability of the coi- 
tex 111 the opossum and iii the cat In the opobsum they found 
responses of tlic forelegs at the age of 23 days, long before the eyes 
opened Eye movements could not be coitically elicited before the 
age of 76 days, after the eyes had hccii open for some time. In 
the study of the cat a similar result was secured, in that electrical 
excitation of the coitcx elicited foiclcg responses at biitli, but tlie 
eyes did not open until the animals had reached an age of from 
7 to 9 days 

3 M^Blimzation Studies Although the mvelinwation of nervous 
tracts has never been fully accepted as a criterion of nervous func¬ 
tion, It has neveithclcss been coirelated in several experiments with 
stages of visual development in young ammals, In 1896 Held (14) 
attempted to prove his theory that the degree of myelinizntion is an 
index of nervous function and that conversely, impulses passing 
over nerve tiacts exert a mvetin-forming influence on such tracts. 
Held opened the right eyes of rabbits, cats, and dogs soon after 
birth, exposed these animals witli one eye open to light for periods of 
time varying from 5 to 60 hours, and then examined the degree of 
myelinization of the optic neivcs In each aninuil examined lie found 
that the right optic nerves showed a moic advanced degree of 
myelinization in compaiison with the left optic nerves. Results of 
somewhat similar significance were obtained by Berger (6) He 
sutured the eyelids of 3 dogs and 4 cats, and found that, when these 
animals were killed and their cential jncivous systems examined at 
ages vaiying from one to 10 months, the gyn and cells of the 
cortex which arc involved m visual iespouses were definitely under¬ 
developed 

Although such investigators as Allen (I), in her work with 
guinea pigs, and Angulo y Gonzales (2), in Ins work with rats, liave 
found functional activitv m nerve tracts before they were myelinated, 
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thus provlug that niyelinogcny is not an absolute index of behavioial 
capacity, findings to the contrary must also be taken into considera¬ 
tion, A much quoted experiment dneedy related to the present study 
IS that of Tilney and Casamajor (43) on the development of behavior 
in kittens These authors observed the development of kittens from 
birth till tlic age of about one month, Aftei observation of some 
new increment of behavioral development the central nervous system 
was examined foj the relative degree of myehnization It has been 
noted above that they found that the eyes opened during tlie seventh 
day ill the kitten, an observation which fails to agree with the ages of 
opening of the eyes noted by other investigators The numbei of ani¬ 
mals used IS not stated Tiluev and Casamajoi conclude that the expla¬ 
nation of the eve opening leaction is to be seen in the mvelinization of 
fibers in the optic tiacts. On or about the sixth day they found the 
fibeis constituting the optic chiasm and tract fairly well myelinated. 
They found further that only pupillary fibers are myelinated dll 
the way from the retina to the oculomotoi nucleus at tins age, a fact 
which IS intcipicted by Tilney and Casamajor to be the explanation 
of the appearance of the pupillary and lid leflexes at the time when 
the eyes arc opened No other visiiallv determined behavior was 
seen until the myehnization of the optic fibers up to the superior 
colliculus, lateral geniculate body and the pvilvinai at the age of 
14 days. At this time the first oculocephalogviic reactions weic 
elicited, hut only in the horizontal dnection Vertical pursuit move¬ 
ments were seen on the following day 

Langworthv has earned out seveial expeiiments ielating to the 
correlation between myehnization and the appearance of neural 
function. This author (18) found all cianial nerves of 3 kittens 
myelinated duimg the first day after biith In a study ot the young 
opossum, Langwoithy (19) found complex activity in this animal 
at the time of birth, a time before theie was any evidence of myelin 
formation on nerve tracts In the opossum, fibers connected with 
the oculomotor nerve first showed tiaces of myelin at the age of 41 
days By the age of 46 days all cianial neives showed evidence of 
some myelin, but at 56 days there was still no myelin present on the 
optic tracts. At the age of 62 days one animal had its eyes open, 
and the optic tracts wcie beginning to myelinate up to the superior 
colliculus At the age of 64 days optic fibers were definitely 
myelinated to the lateral geniculate body At 76 days it was ob' 
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scived that the nerves of the extra-ocuk, eye muscles li.ul a fesv 
myelinated fibeis Langworthv concluded that the opossum is capa¬ 
ble of complicated reflex activity befmc any mvelinated libers are 
picscnt, and that the corielation between the development of function 
and myehn.zat.on is certainly suggestive, but by no means positive 
In a furthei study of kittens, Langtvo.thy (20) coiioboratcd tlie 
findings of Tilney and Casamajor (43), that the establishment of 
reflex connections of myelinated optic fibeis witli the oculomotor 
nucleus bungs about the opening of the eves. Langvvorthv observed 
that the eyes opened at the ages of 6 to 10 days, that visual puisuit 
responses occur first at the age of 14 days, and that air rigliting 
develops between the ages of 21 and 27 days The numbei of 
kittens used in this study is not given, nor is Langworthv’s evidence 
on the physiological basis of the opening of the eyes entirely clear 

Tlie expel.ment of Fish and Windlc (8) on the effect of lotatory 
stimulation of the movements of the head and eyes m young kittens 
does not relate diiectly to tlie present icview, but the conclusion of 
these authors regarding the cfifect of suigical opening of the c'vclids 
IS of interest In 31 kittens they opened one or both eyes before the 
age of 3 days and found that the appearance of ocular movements 
seemed to be precocious as a result of a veiy early opening of the lids 

Two additional recent studies will end this review Goodman 
(10) kept 9 rabbits of one littei in a perfectly dark, room from 
birth until the age of 5 to 6 months AVlien the animals were first 
exposed to light stimulation, they gave evidence of good lid and 
pupil reflexes Goodman concluded that complete lack ot optic 
stimulation in labbits fiom biith to the age of 5 or 6 months did 
not significantly retard either the functional capacity or the degree 
of myelinization of the optic system of these animals Howevei, one 
of the animals used by Goodman required approximately 2 weeks in 
ordei to develop noimal visually determined reactions In tlic 
same connection the study of Mowrci (29) on pigeons is significant 
Young pigeons were raised with the lids sutured till the age of 6 
weeks When exposed to light at this age, tlie animals gave good 
pupillary reactions to light, but showed only very feeble optic 
nystagmus and no visually determined avoidance reactions. Normal 
avoidance and nystagmus responses appeared within 3 days after 
the eyes were opened 

From the foregoing review of these studies it is seen that the fact 
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IS not yet proved that myelmization is an infallible index of the 
beginning of nervous function, and that the use of myelmization as 
a criterion foi judging the beginning of function may be open to some 
question. 

Ill, The Present Investigation of the Development of 
Visual Acuity in the Cat 

1 Froblems, The best conclusion which can be reached from a 
consideiation of studies reviewed in the last section is that, m different 
species of animals, vaiious visually determined leactions appear at 
different ages, and that tShe appearance of these reactions may be 
correlated to some extent with such physiological factors as myeliniza- 
tion and coitical excitability However, none of tlic investigators 
cited and none to the writer's knowledge have made an attempt to 
investigate the relation between the development of visually con- 
tioiled behavior and the measured sensory capacity of the animal at 
the time of observation Consequently, it is not known whether the 
development of vision in ontogeny consists only in the addition and 
integration of newly acquired patterns of response, as many investi¬ 
gators seem to believe, or whether such growth involves the gradual 
increase in acuity of vision in responding to differences in Iiglit in¬ 
tensity, visual patterns, and wave length, Furtlieimore, the question 
has also remained unanswered as to the degree of acuity of vision 
associated with the development of diffcient visually determined 
reactions 

In the present study experimental lesults are described which bear 
directly upon a number of such unsolved problems, Specifically, 
the following questions have been considered: (1) At what age in 
the cat can visually controlled oculocephalogyuc responses be 
elicitceP (2) What is the visual acuity of the cat, measuied by 
means of the oculocephalogyric response, at the time of the onset of 
these reactions'* (3) Does the visual acuity of the animal improve 
gradually in time from the date of the onset of visually controlled 
behavior? (4) AVhat relation exists between opening of the eyes and 
tlie development of visual acuity m the cat? (5) What relation 
exists between visual acuity and the date of appearance of visually 
controlled placing responses of the forehmbs in the cat? (6) How 
extended is the period of the development of these phases of visually 
determined behavior in the young kitten? 
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2. Appmatus and 1 echuiquc In the present investigation a 
method was employed which involved the obse.vation of compensa- 
toiy eye and head movements or octilocephalogyric reactions in ic- 
sponse to a rotating visual field Although various modifications of 
this method have been employed pieviouslv m the study of visual 
capacity in i.ive, tebrates (Radi, 33. Schlicper, 35, Heclit and Wolf. 

JJ’,/eff’ 50, Wolf and Zcrialin- 

Wolf, 51), ^d vcitebiates (Lyon. 23, Garrcy, 9; Loch, 22, Mc¬ 
Ginnis, 25; Giundfest, 11, Tinklcpangh and Ilaitmann, 4+, Wolf 
and Zeuahn-Wolf, 52), the picsent cxpcniuent constitutes the first 
attempt to make use of the piinclplc of this technique for obtaining 
quantitative measures of visual capacity in young annuals 

A diagiam and a detailed description of the apparatus used m this 
study has been previously presented bv Smith (39) A cylinder, 105 
cm. high and 120 cm iii diameter, ^vas constructed so that it could 
be rotated on its base independently of the animal, when the latter 
was placed on a small stationary platform on the inside of the cylin¬ 
der The C 5 dinder consisted of a wooden framcwoik tlint was lined 
oil its side and bottom with white oil-clotli, on the inner side of 
which black strips of cardboard could be inserted, varying in width 
from 5 cm to 0 6 cm Smalier stupes wcie obtained bv means of 
cloth printed with alternate black and white lines, 0 16 cm in 
width The base of the cylinder was of rigid construction and con¬ 
tained a vertical shaft at its center Tins shaft was inserted in a 
bearing which was mounted upon a heavy iron base below the cylin- 
dcr The cylinder could be easily rotated in this bcaiing by hand 
or by means of a pulley system led from the shaft of the cylinder 
to a motor 

The animal platform, 32 cm in diameter, was suspended from the 
ceiling by means of an iron suppoit rod The position of the plat¬ 
form could be adjusted so that the aniniars head was loc.ited at a 
point at the center of rotation of the C 5 'lindcr. The young animals 
wcie prevented fiom falling off of the platform by means of a fence, 
about 10 cm. high, that was made of vciy thin white silk thread 
wound on 8 small metal posts around the edge of the platform As 
far as could be observed, the thread and posts did not in any way 
interfere with the responses of the ainmal’s to the rotating pattern 

The opening of the cylinder, through which the animals were 
placed on the platform, was closed during obscivations by means of 
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ill! adjustable white covei that was suspended fiom the ceiling Ob- 
scivations wcic made thiough a small aperture in this top. 

The msicle of the appaiatus was illuminated by two 200-watt bulbs, 
one fastened to the covet of the drum above the animars head* and 
tJie other attached below the animal platform The level of bright¬ 
ness used m these experiments was about 11 candles per square foot, 
and this effective brightness did not vary ovei log unit with 
the diffeient senes of stuped patterns. 

In this apparatus, visual acuity can be cxpicssed in teims of the 
visual angle subtended by the smallest stupes to which the animal 
respondecl fiom its position at the center of the cylinder, The dis¬ 
tance intervening between the sides of the cylinder and the animars 
head was appioximatelv 50 cm thioughoiit the evpeiimcnts Hence, 
the lines of diffeient widths employed repiesent visual angles of a])- 
proximately 360, 180, 43, and 11 minutes of aic respectively. 

It nriight be objected that such thiesholds secured in relation to 
the oculocephalogviic reaction do not represent true measures of 
visual acuity In this study, the fact is assumed that the teim 
^Visual acuity*^ icpresents the threshold capacity of the organism in 
adjusting or orienting to changes in brightness contours in the visual 
field Since the obsctvations made here involved correlating a definite 
orientation of the head and eyes to measurable changes m blightness 
contours or patterns in the field of vision, it is concluded that the 
term “visual acuity’' is propeily employed in the desciiption of the 
visual function under investigation 

3 PiQcedine. Observations of compensatory lesponscs of the 
eyes and head to the rotating stiiatcd patterns were begun at the 
time when an animal opened its eyes Tests were first made with the 
lines 5.0 cm m width, and the lines were thereafter reduced in 
width when definite eye or head nystagmus was observed In a few 
cases it was impossible to make obseivations with the complete series 
of stupes. In examining the oculocephalogyric reactions, the cylinder 
was rotated thiough a complete levolution in one direction, followed 
by a complete rotation in the opposite direction This procedure was 
carried out 5 times daily, each lotation of the cylinder constituting 
one of the 10 trials. The rate of rotation was approximately two or 
three revolutions pei minute The criterion of a positive response 
was that the animal make a definite puisuit movement of the eyes or 
head m the direction of the movement of the stupes, followed 
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hy flnotUci p\\isvv\t twovememt If such a response was seen only mice, 
or was not dearly visible to tlie obsciver, it was not accepted as 
positive 

In addition to the observation and rccordin^r of the visual acuity 
of the animals, a rccoid was kept of the date of the openiup; of the 
cyc^ in cveiy case Visual placing leactioiis of tlic foieliinbs wcie 
tested dail)'’ in 14 of the animals, which were selected from all litters 
of annuals used in this expciimcnt with the CA.ccption of the first 
littei In testing an annual for visual placing reactions, it was 
grasped by the lower tuink and pelvis, leavinq; the head and foic^ 
limbs fiee, and was moved gently towaul the surface of an illiimin- 
nted table Positive responses were recorded if the front legs were 
definitely extended before the vibiissac oi othci parts of the hotly 
touched the surface of the table In 13 of the animals similar 
obseivations weic made on placing of the foi climbs induced by contact 
with the vibiissac and lowci jaw on the surface of the table 

4 Ajinnah In all, 24 animals fiom 9 litters were employed 
in the expeiiment These animals were given constant caic, and were 
weighed daily to provide an index of their general condition of 
health In this experiment, a daily increase m weight was taken 
as a Cl Iter ion of selection of animals for the diffcicnt observations 
made Only healthy animals, i e, those showing a marked daily 
inciense in weight, were used for the visual acuity observations. 
Conjunctivitis was avoided by daily washing of the eyes with a 20 
pci cent solution of Aigviol from the time that the eves opened 

5. Results of the piesent expettmeni Table 2 presents a sum- 
maiy of tlie genetic development of certain aspects of vision studied 
in the piesent investigation This table indicates the age in days of 
opening of the eyes as well as the age of appearance of different 
visually determined responses in the different animals For pur¬ 
poses of comparison with the age of development of the visual placing 
responses of the foiclimbs, the age of appealance of similar tactually 
controlled placing responses is also indicated The first column 
to the left identifies the litter of each animal by means of capital 
Icttcis Some of the animals employed belonged to difteicnt litters 
taken fiom tlie same female These cases are indicated by small 
letters following the capital letters 

The age of eye opening The 24 kittens used in thi^ inves¬ 
tigation had then eves completely open at ages distributed at random 
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TABLE 2 

The Age in Days Whiin the Eyes OPENEt> aktd When thc Appearance op 
Different Visuamy and Tactually Determined “Responses was 
Observed in Kittens in This Study 


Litters 

Date of 
birth 

No of 
kitten 

Age when 
eyes open 

TactUiil 

placing 

Head 

nystagmus 

Visu al 
placing 

An* 

10/29/35 

1 

7 


17 




2 

8 


16 




3 

8 


17 


B 

1/5/36 

1 

4 


14 

27 



2 

6 


14 


Ca 

2/28/36 

1 

12 


12 

28 



2 

12 


13 




3 

12 


13 

28 

D 

3/18/36 

1 

7 


14 

26^* 



2 

8 


14 

26 



3 

3 


14 

26 

Ab 

4/11/36 

1 

4 

11 

14 

23 



2 

4 

12 

12 

23 

E 

4/27/36 

1 

5 

11 

15 

22 

F 

5/18/36 

1 

11 

11 

14 

25 



2 

11 

13 

14 


G 

5/19/36 

1 

12 

14 

IS 

25 



2 

12 

15 





3 

11 

13 



Cb 

6/15/36 

\ 

15 

15 


25 



2 

15 

13 





3 

10 

15 

13 

25 



4 

12 

16 

13 




5 

14 

13 

14 

25 


♦In the litter designations, the sm.ill letters "a” and “b" stand for the first 
and second litters of the same mother animal* 

♦♦Kittens D-1, D-2, and D-3 were not tested at ages of 23 to 25 days, 
♦♦♦This kuten was tested with only one eye open at this age 

fiom 3 days to 15 days, with no apparent relation between health 
or weight of the animals* Upon exfimination of Tabic 2 it will be 
readily observed, however, that the different members of the same 
litters tended to open then eyes at about the same time Litters 
Ca, Ab, and F show this most clearly Evidently^ then, the parentage 
of the kitten determined in part the age at which its eyes opened 
This is further demonstrated by the fact that the members of litters 
Aft and Al> opened their eyes compaiatively early, while the members 
of litters Ca and Ob all opened their eyes relatively late No sex 
differences werfc noted as to the age when the eyes opened in the 
different kittens 



J WARKCNTIN AND K U SMlni 


385 


b The fiist ocdinence of visually detet mined nystaffinus. 
Under tlie p.escnt expeumental conditions, the initial appearance of 
the cephalogvric reactions determined hy light stimnlation took place 
in the kittens at ages between 12 and 17 days Head nystagmus 
was used as the majoi criterion of lesponsc dining tins period, since 
it is vety difficult to observe movements of the almost uniformly 
colored eyes of the kittens dining the first weeks of life The com¬ 
paratively late appearance of ccphalogvric reactions in the case of 
Litter lia is to be attributed partially to lack of skill in observation 
on the pait of the obscrvci at the beginning of the experiment In 
respect to these responses, as was noted in the case of the eye opening 
data, there is considerable homogeneity within Httcis as to the age 
when the response fiist appears. Litters B, D, and F clearly sliow 
this tendency, while the gieatcst vailability was found in Litter 

c The appeatance of vmial placinq reatfions Visually de¬ 
termined placing leactions of the foielcgs occur almost invauably 
when the adult cat is held by the lower trunk and is moved toward 
some clearly visible surface Radcmaker first described these reac¬ 
tions, and they have been more recently studied by Bard and Biooks 
(4), and Baid and Onas (5), and Smith (39) In the coiiisc uf 
the present cxpeiimcnt data wcie secured which dcmonstinted that 
visual placing reactions appear at a rather constant level of growth 
in the developing kitten The animals used in this study fiist gave 
visual placing reactions between the ages of 22 and 28 days Refer¬ 
ence to Table 2 will show that wherever two or more kittens of one 
littei were tested, visual placing reactions were obscjved to appear 
at the same age An inteiesting observation in connection with the 
appearance of these visually dctcimincd placing reactions is tlmt, at 
the time when they aic fiist elicited, the illumination of the surface 
and of tlic loom in geneial arc impoitant factois It was found, 
for example, that a kitten might place visiiallv in a dimly lighted 
room, but not under conditions of blight illumination. This factor 
was controlled in the present experiment hy testing all kittens under 
a variety of diffeient conditions 

d The appemance of tactual placin/; reactions Althougli 
tactual placing responses have no diicct bcaiing upon the develop¬ 
ment of visually determined placing reactions, they may be con¬ 
sidered as significant piccursois of visually determined placing reac¬ 
tions The diffeience between the two types of placing reactions 
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seems to be mainly attributable to a diffcience in affeient control, 
Theiefoie, the cliffeience in age at which the two types of responses 
first occui may he accounted for Imgcly m teims of the delay m the 
growth of the cential visual pathways mediating the visually 
deteimined placing responses, The animals tested in the present 
study gave the fiist tactual placing icsponses at ages varying from 
11 to 16 days The period of tune inteiveiling between the ap¬ 
pearance of tactual placing responses and visual placing responses 
varied fiom 10 to 14 days Some relation between the age of 
appearance of the two types of placing responses will be seen upon 
reference to the table In some cases whcic tactual placing was 
observed at a relatively early age (kittens J^-1, Ab-2^ -E-l), visual 
placing responses also occuricd relatively eaily The influence of 
parentage upon the age at which placing responses appealed is again 
suggested. 

Table 3 summarizes averages and deviations of the ages at which 


TABLE 3 

Summary and Amaiysis or Data Presented in Table 2 
(All ages are given in terms of days) 



Age when 

Tactual 

Head 

Visual 


eves open 

placing 

nystagmus 

placing 

Number of kittens tested 

2+ 

13 

22 

14 

Mean Ages calculated 

Mean deviations of ages 

9 1 

13 4 

14 0 

25 5 

3 0 

L5 

09 

1 3 

Eange of ages 

3-15 

11-16 

12-17 

22-23 


the eyes opened and at which the different leactions described above 
fiist OCCUI red It will be seen from this table that the mean age 
at which the kittens opened theii eyes is 9 days, the mean deviation 
3 days, and the range 12 days This range is significantly laigcr 
than the range of appearance noted in any of the responses obseived 
In the case of the initial appcaiancc of visually detcimined head 
nystagmus, the mean age is 14 days It is significant to note that this 
mean deviation of less than a day is tlie smallest obseived in the case 
of any iespouse studied in the present experiment The appearance 
of the oculocephalogyric reaction seems to be entirely independent 
of the age at which the eyes open, as is demonstrated by the fact 
that the rank difference correlation for the ages at which the eyes 
□pen and the time when head nystagmus is fiist observed is —.06, a 
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lonctions in the kittens observed is 25'dTyT‘w.r ""‘"1 
of about one day. ^ deviation 

e The develo/iment of visual acuity The tcdiniaue of the 
rotating visual field .s admirably adapted to the dcterm.naLn of the 

terl! un“^ P^«ein vision in young mammals Obviously no training 
techii qiie coil d be used, because considerable development in vision 
would occur before the kittens could be trained to make any s^r” 
of visua disciiminaticn The p.eseiit technique permits tlie ready 
examination of visually dete,mined lespoiises in the kitten to various 
visual patterns on the same day 

Table 4 piesents data secured in the p.esent investigation regarding 
the developmciu of vaiious degrees of visual acuity ,n the htten at 
various ages The data icgaiding the appearance of responses to the 
5 U cm stripes was discussed m connection with Tabic 2 It will 

TABLE + 

Aoe iw DAYS Whbn NYsrACMus Responses were First Oiiservfd to Stripls 
_ or DiFrziRKNT Widths 


Animals 


5 U cm 
stnpea 

2 5 cm 
stripes 

0 6 cm 
stripes 

17 


— . ™. 

16 



17 



14 

17 

24 

14 

17 

24 

12 


23 

13 


23 

13 


23 

14 

15 

21 

14 

IS 

21 

14 

IS 

22 

14 

19 

20 

12 

19 

20 

15 

18 

19 

14 



Il¬ 



ls 



14 

IS 

19 

13 

15 

20 

13 

15 

19 

13 

IS 


1+ 

15 

20 


0.16 cm 
stripes 


^Kittens 7^-1, D-2, and D-3 ueie not teslcd att aire-, of 23 to 25 tHvs 
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be seen from Table 4 that responses to the 2 5 cm stripes were 
observed in various kittens at ages between 15 and 19 days, re¬ 
sponses to the 0 6 cm stripes weie seen at ages between 19 and 24 
days, and responses to the 0 16 cm stripes could be elicited at ages 
between 23 and 30 days. As in the case of the other responses 
discussed above, there was a marked homogeneity within litters as 
to the ages at which the kittens resporuled to the stripes of various 
widths The period of time duiing which lesponscs were observed 
to develop in the different animals to all four widths of stripes 
vaiied from 9 to 18 days, with an average of 11 days 

The development of visual acuity m the animals used m this 
study can be expressed in terms of the visual angles subtended by 
the narrowest lines responded to at different ages The line widths 
employed correspond to visual angles of 360, 180, 43, and 11 minutes 
of arc respectively under the conditions of the experiment. Using 
this method of description, it may be said that, at the time of the 
first onset of the oculocephalogyiic reactions at 14 days, the visual 
acuity of tlie kitten is veiy poor. From then on until the age of 4 
weeks, there is a gradual increase in acuity of vision, which reaches 
a value of at least 11 minutes of aic between 23 and 30 days of age 
The data regarding the development of visual acuity m kittens 
IS more briefly summarized in Table 5 in terms of averages, mean 


TABLE 5 

Summary and Analysis of Data Prcscntgd in Table 4- 
(All ages are given m terms of days) 



S 0 cm 
stupes 

2 5 cm 
stupes 

0 6 cm 
stripes 

0 16 cm, 
stripes 

Number of kittens tested 

22 

13 

15 

IS 

Mean ages calculated 

140 

162 

212 

25,2 

Mean deviations of ages 

09 

14 

17 

1 9 

Range of ages 

12-17 

15-19 

19-24 

23-30 


deviations, and langcs of ages at which the responses were observed. 
It IS seen from this table that responses to the 5 0 cm stripes were 
observed at an average of 14 days, that responses to the 2.5 cm 
stripes usually appealed two days later, that responses to the 0.6 cm 
stripes were observed at an average age of 21 days, and. that 4 days 
after this, at an average age of 25 days, the kittens responded to tlie 
0 16 cm stiipcs The mean deviations for the first occurjence of these 
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responses indicating different degrees of visual aciiitv varied fiom 
less than a day in tlie case of i espouses to the 5 Q cm stripes to 
about two days m the case of the 0 16 cm stripes Tins compara¬ 
tively high mean deviation of ages when responses fiist occurred to 
the 0 16 cm stripes is to be attributed largely to the fact that two 
kittens, Ca-\ and Ca^\ which were difficult to obseivc, did not show 
cicar-cut responses to the small lines until the age of 30 days 
It IS a significant fact that the age of appcaiaiicc of vi'^iiial placing 
reactions was 25 days, and that the average age at winch responses 
to the 0 16 cm stupes were obscived was also 25 days That a high 
degree of visual acuity is correlated in time with the development of 
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Visual placing i espouses of the forelimbs is graphically shown in 
Figure 1, which piescnts a series of bai diagrams of the ages at 
which 6 representative kittens were observed to give evidence of the 
different responses studied. The length of a bar indicates the age 
at which the i esponse listed at the left of the figure was first observed 
For the entire series of kittens used m this experiment, the rank 
difference coi relation between the age of i esponse to the 0 16 cm 
stripes and the age at which visual placing appeared is 0.93, which 
IS a significant positive correlation for the number of cases presented 
A compaiison of Tables 2 and 4 will show, howevei, that there were 
5 kittens in all which developed visual placing reactions before 
responses to the 0.16 cm. stripes could be obseivcd (kittens Ca-l^ 
Ca-2f Z)-2, D-3, and F-l) Neveithelcss, it must be noted that be¬ 
fore any evidence of visual placing reactions could be seen, all of 
these kittens gave definite responses to the 0 6 cm stripes, The 
visual angle coiresponding to these lines undet the present conditions 
IS 43 minutes of arc, an acuity of vision which is higher than that 
found by Lashley (21) in the adult albino rat by means of the dis^ 
crimination technique, The piesent experimental results demon¬ 
strate, therefore, that a relatively high degree of visual acuitv geneti¬ 
cally precedes visually detci mined placing reactions 

Figure 1 also summarizes giaphically the age of the 6 different 
kittens at the time when all the vaiious responses observed first 
occurred. It may be cleaily seen that the age of eye opening (repie- 
sented by the lowest bai in each of the six diagrams) shows a 
marked variation which does not appear to be con elated with eitliei 
the age when visually detei mined head nystagmus was first observed 
or with the age when tactual placing reactions appeared This 
senes of diagrams furthei demonstrates definitely that there is a 
gradual development of visual acuity m the kittens fiom the time 
that responses first appear to the stripes 5.0 cm. m width until 
the 0,16 cm stripes become effective m eliciting the oculocephalogync 
reaction 

Figure 2 represents the mean ages at which the various relictions 
listed toward the left appeared in all the animals used. The length 
of the bars indicates the mean age in days when the reactions were 
first observed in the whole series of kittens, As already seen pre¬ 
viously in Figuie 1> visual acuity giadually increases fiom the time 
that young kittens respond to the 5 0 cm stripes until these animals 
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»%'le of 11 minutes of arc, and 
that the visual placing reactions do not appear until a relatively li.gli 
degree of visual acuity is .Utamed 

Figuie 3 presents the percentage of animals in which the different 
responses tested weie observed on subsequent clays The vertical 
component of the curve icpiesents the pciccntage of all the annuals 
^udied in which the vaiious icactions appeared at the diffcient ages 
iiie liorizontal component leprcscnts the age in days when the re¬ 
sponses were fust obseived Tins figure selves to emphasive state¬ 
ments made in an eaiJiei connection, naiiiclv, that tlie eyes opened at 
a most any time between the ages of 3 days and 15 days, and that the 
placing lesponses and the visual acuity Increments show little vari¬ 
ability m time of development among the different animals. This 
figure also shows clearly that there is a gradual increase in visual 
acuity witli age Furthermore, little overlapping of ages seems 
to occur even when percentages of all animals used are thus repre¬ 
sented. Finally, this figure serves to emphasize again the close cor¬ 
relation existing between the appearance of a relatively high degree 
of visual acuity and the development of visual placing reactions 
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IV Summary and Discussion 

In oidei to ascertain the degree of visual acuity demonstrable at 
different age levels, 22 kittens wcie tested daily under controlled 
conditions from the time that the eyes first opened The visual 
acuity measurements were con elated with the age when the eyes 
opened and the age of onset of visual placing lesponses of the fore- 
limbs. 

The kittens used in this study opened then eyes at ages varying 
from 3 days to 15 days, with an average age of 9 days and a mean 
deviation of 3 days So fai as could be ascei tamed m the present 
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cxpciiment, the age at winch the eyes open seems to have no signifi¬ 
cant relation to the development of diftcient visually ileteimined 
leactions, to the time .it \\hich tactii.il placing responses fust appeal, 
and to the health oi weight of the animal A negative rank diftcr- 
cnce coirelation of 0 06 w.is found between tlie age of C 5 'c opening 
.and the appealance of the oculoecplialogviic. response Notable in 
this connection is the fact that the mean deviation foi the age when 
the eyes open is consicleiablv laigci than that for the genetic appear¬ 
ance of eithci tlie visually oi tactually dcteiinuicd iespouses investi¬ 
gated 

Certain important dillciences between t^ic present data and the 
results and inter pi ctations of piiin invcstig.itois should be pointed 
out III gcncial, it inav be said that the icsiiltj^ obtained place 
in question the conclusions of Soltmann (41), Held (14), Tilnev 
and Casamajor (43), and Fish and Windlc (8) icgarding the clo^e 
con cl at ion between the age of eye opening and the onset of visuiilly 
dcteimined bchavioi For example, Tilney (43) states without 
qualification that. 

On the second day after both, tht optic iicivc and ti.ict of the 
kitten are entirely devoid of myelin shtnths, the cycn arc then 
closed On the sixth day the optic tiact is tii>e1inized up to the 
supciim collicidiis, the pidvinar and the Iritcral geniculate Imdy 
On the seventh day the animal opena its c\ts Theie stems to 
be a diffeience in time of invclinj/ation of perhaps 48 hoiiis 
between the deposition of the myelin sheaths and the estabbsh- 
nient of function 

Although It IS not known upon how manv animals these and siinilni 
conclusions aie based, it seems possible to sav that the interptctations 
jubt desciibed arc open to consideiable doubt In the picsent study 
the fact has been brought out clcailv that the age of eye opening in 
the kitten is not icstiictcd, as Tilncy and Casamajor state, but 
can be found to vary fiom the ages of 3 to 15 d.ays, or over a 
period of rit least 12 This variation has been sliown to be 

unrelated to the age of onset of both oculoccphalogync reactions ami 
Visual placing reactions It can be concluded, therefore, that the 
neural growth changes associated with the onset of visual function 
in the kitten arc cntiicly uni elated to the age of the opening of die 
eyes. 

No satisfactoiy explanation has been given concerning the dclav 
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m developl'nent visual function m kitten^ after the eyes have al¬ 
ready opened As demonstrated by the experiments of Smith (39), 
the oadocepbalogync leaction docs not necessardv involve cortical 
activity m the adult cat In further experiments, Smith (40) found 
that removal of the striate coitex in the adult cat docs not abolish 
oLuIocephalogyric responses to a rotating striated pattern of lines 
subtending visual angles of at least 11 minutes of arc Tilney and 
Casamajoi (43) described a subcortical mechanism for this leaction 
On tlie basis of these experiments it can be tentatively concluded 
that the development of visually determined oculocephalogyiic reac¬ 
tions is not associated uyth giowth and development of the visual 
cortex However, furthei experiments, involving operative proce- 
duies with young animals^ arc necessary m orilei to prove this 
contention 

The data obtained in the piesent study of visual acuity has been 
summaiizcd m Tables + and 5, There has been no previous study 
of the growth in visual acuity of young animals, and no explanation 
has been offered of this piocess of development which extends over a 
period of 9 to daj^s m the kitten (Table 5), These results show 
that the visual acuity of the kitten increased during this period from 
360 minutes to 11 minutes of arc, It must be noted, however, that 
the data of the present experiment do not represent the maximal 
development of visual acuity in the cat (Smith, 38) 

It was found that none of the animals studied showed any indica¬ 
tion of visual placing reactions before they had given definite re¬ 
sponses to the 0 6 cm stupes, and that 8 of the young kittens did not 
give visual placing leactions until they responded to the 0 16 cm 
stripes The mean age at which the responses to tlie 0.16 cm 
stripes appeared was the same as that foi the fiist occuuence of visual 
placing responses, i e , at 25 days 
A ciitical division in the neuial control of visual placing leac- 
tions and the oculocephalogyiic lesponses has been shown by Smith 
(39) to exist in the adult cat This division of function is some¬ 
what similar to the genetic scpaiation of these responses found in 
the present experiment In the adult cat. Smith has shown that 
removal of the visual coitex definitely abolislies visual placing icac- 
tiuns but leaves intact the ociilocephalogjn ic responses, when both 
of these activities are tested undei comparable stimulating condi¬ 
tions It seems possible to conclude fiom the experiments of SmitJi 
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and fjom the observations made in the pitsciit stiulj^ that the appear¬ 
ance of the visual placing reactions is correlated in time -with the 
development of cortical connections of the visual system as well 
as with increased refinement of visual acuity, in so far as this may 
be mediated eithei corticallv or subcortically* 

Tactual placing icactions were observed to appear from 10 to 14 
days earlier than similar visually determined placing leactions The 
mean age for the appearance of tactual placing responses was H 
days This is in accordance with the age at which Weed (46) and 
Lang\vQrthy (17) found decorticate ngullty \\\ the foreUmbs of 
kittens Bard and Brooks (4) localissc placing reactions of the fore- 
hmbs of the cat in the gyrus prorcus, the siginoul gyn, the rostral 
portion of the longitudinal gyms, and some fraction of the coional 
gyrus Tilncy and Casamajoi (43) note that the gyms sigmoideiis 
IS one of the two points of the cortex reached by inj^elinated fibers 
in the 14-day old kitten On the basis of these combined observa¬ 
tions, the conclusion may be drawn that the period of time intei- 
vening between the primary development of the tactual placing 
reactions and the visual placing reactions represents the time of the 
formation of the visual connections with the coitical mechanisms of 
the placing responses. Since results and interpretations presented 
above point to the existence of a higli degree of visual acuitv preced¬ 
ing the appearance of visual placing reactions, it can be further 
stated that, prior to the establishment of optic connections Avith the 
motor cortex, a degree of visual acuity is already developed whicli 
permits the kitten to respond to lines 0 6 cm in width, located at 
a distance of 50 cm fiom the eyes* 

V Conclusions 

1 An apparatus was devised which could he used to piesent a 
rotating visual field to the kitten when the isitter was placed on .i 
stationary platform in the center of the rotating cvlindci In addi¬ 
tion, observations were made regarding the ages at which the kittens 
opened their ejes, and the ages at which tactual and visual placing 
reactions could fiist be elicited 

2 By the use of the rotating visual field technique, the initial 
appealance of ociilocephalogyiic reactions was observed to occur in 
the different animals at ages varying from 12 to 17 days, with the 
mean at the age of 14 days 
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3 At the time of onset of these reactions the visual acuity of the 
cat 111 teims of the visual angle subtended by the stripes in the rotat¬ 
ing pattern was 360 minutes of aic 

4 Fi om the date of onset of tins visually controlled reaction, the 
visual acuity, measured in terms of visual angle, increased gradually 
m the following stages An acuity of 180 minutes of arc was 
dcmonstiated at ages vaiymg fiom 15 to 19 days, witli the mean at 
the age of 16 days Responses to stupes subtending a visual angle 
of 43 minutes were demonstiated at ages varying from 19 to 24 days, 
with the mean at the age of 21 days Responses to the smallest 
stupes, subtending a visual angle of 11 minutes, were observed in 
different rinimals at ages valying from 23 to 30 diiys, with the mean 
at the age of 25 days 

5 Daily observations of the kittens showed that the eyes opened 
at the ages between 3 and 15 days, witli the mean at the age of 9 
days The data piesentcd in this report show no ielation between 
the opening of the eyes and the development of visual acuity in the 
cat A negative rank difference correlation of 0,06 was found be^ 
tween the age of eye opening and the age when head mystagmus 
was first obseived 

6 The development of visual acuity in the kitten, as measured in 
the present expciiment, extended over a period of 9 to 18 days The 
course of development after an acuity of 11 minutes of arc has been 
reached remains to be dcteimmed in furthei experiments 

7 Visual placing reactions of the foiclimbs weie obseived to 
occur between the ages of 22 and 28 days, with the mean at the age 
of 25 days A positive conelatioii of 0 93 was found between the 
age when responses weie obseived to the 0 16 cm stripes and the age 
when visual placing iespouses could first he elicited. It may he 
concluded that this correlation shows a significant relationship, at 
least m tune, between the appeal ance of visual placing leactions and 
the appearance of a relatively high degree of visual acuity, and 
that a relatively high degiee of visual acuity pieccdes the appearance 
of visual placing reactions and other precise localizing responses of 
the limbs and trunk. 

8 Tactual placing responses of the forelimbs appeared 10 to 14 
days earlier than visual placing i espouses, and there is a possible 
correlation between the early appearance of tactual placing responses 
and an early appearance of visual placing responses It may be assumed 
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that the time mteivenuiK between the appearance of the tactual and 
the visual placing reactions lepicscnts the pciiod of fuiination oi 
functional connections between the visual anti inotoi corte\, since 
evidence is available that both of these icsponscs aic mediated coiti- 
cally (Bard and Biooks^ 4, Baid ami Oiias, 5, Smith, 39) On the 
basis of such an assumption and the data already discussed, it may 
be furthei concluded that a high dcgjce of visual acuity precedes 
the foimation of functional associations involving the stiiatc and 
motoi coitcx 
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PERSONALITY RATINGS II. VALIDITY OF TEACHERS’ 
RATINGS IN PREDICTINC^ SCHOLASTIC 
ACHIEVEMENT^ 


/r rsUyati Unr<vfrsity 


T A Languc 


A picvjoiislv published papci has shown tlinl teachers’ latuigs arc 
rather unreliable as shown by various entena The present report 
IS a study of the validity of the same ratinus iii predicting scholastic 
acliicvemcnt at the University of Minnesota 

Validity of tests js usually defineJ as the extent to which scores 
obtained leprcsent true dcgiecs of tliat which the test purports to 
mcasiiie, The validity of subjective estimates may be determined in 
like manner, namely by obtaining coirelations between latings and 
objective criteiia For example, the validity of subjective estimates 
of intelligence of pupils may be determined by con elating such esti¬ 
mates with Intelligence Test scores, provided the Intelligence Test is 
valid 

It will he impossible to obtain tiuc validity coclTicIcnts in this 
study except possibly foi Tiait I ‘^Ability to Leain,” and Trait VIII, 
“Capacity for College Work," because we have no “objective*’ meas- 
uies of the othet traits included in our lating scale We will attempt, 
liowever, to obtain some indication of the validity of tlicsc rtatings 
b} the following metliods 

1 Deteimining the amount of agicement between individual 
raters 

2 Compaiiiig latings on “Ability to Learn” with “College Ability 
Test” scores 

3 Comparing ratings on all tracts, and particuhulv ratings on 
“Capacity for College Work’* with subsequent scholastic per¬ 
formance 

Agrkfment iiETVvnrN Individual Raters 

The hist cute non of validity which will be .id v a need is commonly 
spoken of as a ciitciion of lellablllt 3 ^ A tine critciion of ichability 

^Received in the Editorial Office on December 17, 1936 
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would be in tcnn 3 of self consistency rnther than agreement with 
other judges We shall employ this criterion as indicating the relia¬ 
bility of nitings, and also as indicating their validity, since personality 
trails sucli as "Initiative/’ "Dependability,” "Industry,” etc, arc 
essentially social concepts. Since, then, tliese traits depend upon 
human judgment for then definitions, we will assume that, if differ- 
ejit judges rate tlic same individuals in the same iiiamier, they arc 
lating them primarily in terms of the tiait which is defined nn the 
scale. That is, if si mini her of judges rate a group of individuals 
for "Dependability” and agree in their ratings, that group of indi¬ 
viduals might be thought of as making up a scale showing various 
degrees of the trait in tiuestion In othei words, the bait is defined 
in terms of social agicement 

The extent to which this criterion is met hy these latings will be 
studied hy the use of coirelation technique 

The data for this study' comes from tlie latmgs of Central High 
School foi 1925 since tlierc arc a sufficient numbei of ratings of each 
individual in this gioup of ratings I'he j el lability coefficients to be 
pi evented are not conclatioii coefficients between the ratings of one 
judge and the ratings of aiiothei judge, since no two teachers rated 
a sufficient number of the same students tn give any reliabilities to 
such coefficients Instead the correlations obtained are between one 
scries of ratings by several teachers with another senes of iiitings by 
otlicr teachers Foi example, Teacher A may have lated j>tude[its 1, 
2j 3, 4, 5, 'I’eacher Jl may have rated students I, 5, 6, 7, 8, Teacher 
G may have rated students 2, 3, 8, 9, and 10, Teacher D may have 
lalcd students 4, 6, 7, 9g and 10 In the hypothetic id example we 
have two ratings of each student, but no two teacheis have rated 
more than tivo of the same students The conelations thus obtained 
probably come closer to true reliability cocfficicnta than do the co¬ 
efficients obtained by comparing only two judges who have rated the 
same people In a sense this mefhod sliould give much the same 
result obtained statistically by Sheti (6) Table I piesents reliability 
coefliciKilts as obtained from tlie 1925 data of Central High School 
using law scoies, 

I'hcsc reliability coeffiaents are fai fiom sattsfactoiy and Indicate 
little agreement between any two ratings on the Graphic Rating 
Scale. Trait VIII, "Capacity for College Woik,” is rated the most 
rehabl}' as represented hy the coefficient of con elation of -f- 49 The 



1 A. LANGUL 


403 


TABLE I 


Rci uniLiTY CoErnciFN rs, 

Raw 

Scores 

School, 

Mfn and 
1925 

Women, Cfntral 

IllOH 



Men 


Women 


Trait 

r 


PE 

r 

PE 

I 

31 


OS 

.37 

04 

H 

31 


05 

33 

OI 

in 

28 


05 

25 

,04 

IV 

46 


0+ 

35 

01 

V 

17 


05 

28 

04 

vni 

49 


01- 

19 

03 

Total 

40 


OV 

+1 

03 


rc<'iaon foL this is apptiLCut>—namely that the high scliool iccouls of 
the students arc piobablv used as the basis for predicting future 
scholastic success. This may be back of the other corielations, also, 
hut in lesser degree 

A possible explanation of the low ithnbilitv of these ratings is 
that the teachers have not had the same expciience with tlic students 
To the extent that such is the ease this critciion is weak, since the 
laters should have similar contacts with the subjects, but some of 
these teacheis will have had contacts with the students in English 
CQuises, others in mathematics, others in Social Science and othei 
academic coiiises, and in a variety of c\tia-curricular activities as> 
well. Such variation in opportunities to obbCivc students would re¬ 
duce agiecment since the characteristics latcd arc probably quite 
specific in nature Thus one student may have an ^aptitude for 
English composition, but detests mathematics cr chemistry, and hence 
shows to pooler advantage in courses involving mathematics His 
English teacher might rate him as “very superuu” m ^‘AhiUtv to 
Learn” while his mathematics oi clicinistiv tcachci might rate him 
as “slow to learn.” Otliei even more subjective traits might and 
probably would have even gicater specificity 

Koinhausei (3) has written as follows in legaid to this point. 

Disagi cement*i beiwecn ratiiiga of Uic student may indicate 
that the stiuleiit is ddfcrciu in different activities—not that 
instiiictors are wiong m then cstinfiates What is called un- 
leliability of ratings may leally he m Hrge measure a maltei 
of the speciheuy of traits 

It begins to appear that if Rugg’s (5) ic(|uirenients arc nccessaiv 
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][i oidei to obtain valid latings, then valid ratings cannot be secured 
in the usual high school situation It is possible to obtain thiee 
ratings deteimined indepeiidentlv but nut in substantial agiecment 
Compaiable and equivalent scales piobably cannot be obtained by 
the Giapbic method or b 5 " aiiv othei i a ting method since compaia- 
bilitv is not picsent or absent m the scale, but is a function of the 
1 ate IS It IS difficult to obtain tej^chers with adequate knowledge 
of the pcison laced, since no tcachei obseives the students in all situ¬ 
ations Such lack of agreement as has been disclosed points definitely 
to the need foi a gicatei jecognition of the impoitance of demanding 
that teachers on evei 3 '' educational level should be ^ set” to observe 
and judge then pupils in addition to the time-honoied function of 
impaitmg infoimation 

A pcisonality lating on ‘‘Initiative,” for example, indicates that 
some one is of the opinion that the peison rated is characterized by 
a ceitain degiec of tins tiait As defined on the Minnesota Rating 
Scale, “Initiative” should be judged by consideimg “resouicefulness 
and initiative in proposing new problems, applying principles, and 
making suggestions” Ceitainly a higli school teachci is in a position 
to obseive any manifestations of this tiait in her pupils zf that teacher 
]s alert and capable of analyzing and intei preting human bchavioi 
Probably most teachers arc not conceincd witli this method of ap- 
proacli in educational work, but would lathei emphasize tJieii subject 
matte], devoting all of then cneigics to making certain tliat their 
pupils master it. 

Educational procedure is becoming more and more of a differential 
procedure, a conforming of subject matter and methods of instuiction 
to the needs and capacities of individual students But lecognition 
of personality differences is apparently lacking to a serious extent 
This lack IS due, piobably, to an mabilitv on the pait of teachers to 
obseive definite behavior chaiac tens tics of their pupils in the absence 
of training and “set.” This inability sliould be remedied by a moie 
adequate tiaming of teachers designed to make them “good judges 
of men” The need foi such a progxam is uigent because guidance 
of piipiJs in terms of all aspects of their peisonnlities is being incieas- 
ingly stiessed. As mentioned befoic, this need foi pcisonality diag¬ 
nosis foi guidance purposes cannot ai^ the piesent time, noi piobably 
in the immediate fntuie, be met by objective personality tests As 
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*i lesiilt, teachers ratinj^s will he incicasiiigly relied upon Hence 
the need foi some piogram which will improve their mtingb 

Ratings on ^^Abiluy To Llarn’^ Comparid with Collfoe 
A niLiTY Tpsr Scoris 

Trait I, “Ability to Learn/* approximates some of the more com¬ 
mon definitions of “intelligence “ Presumably the College Ability 
Tests weic likewise designed to measure a similar function Foi 
tliese leasons, we may investigate the validity of at least tins one 
of the tiait latingb by coiiclatmg “Ability to Learn” latings witli 
College Ability Test scoies of the same pupils 

Data for this nnalvsis wcic obtained from all three high schools, 
West, Central (1925 and 1926) and Humboldt Table 2 picscnts 
these coefficients (Pioduct-niomcnt) 

TABLE 2 

COEFnClLNTS or CORRtlAJION DLTWLEN 'I FACIIERS’ RATINGS ON '‘AdIIII*Y TO 
Learn'’ and Coirroc Aitiim Tfst ScoRts 

West Centinl '25 Central '26 Ihunboldt 

Single Ratings 

Bovs +46 ± 06 +40 ± 04 + 48 rt 0+ + 5+ ± 09 

Gills + 53 It 06 + 47 ± 04 + 49 ± 03 + 49 ± 07 


As shown bv these liguics theic is only a fan degree of correlahon 
between ratings on “AWbtv to Leain*’ and College AlnUtv Test 
Scoies 

Con elating the average of three teachers* ratings on “Ability to 
Leain*’ with test scores yields coefficients of -1-53 and -l-,56 for 
men and women respectively (Central High School, 1925) It stems 
then, that teacheis, rating individuallv, can judge the “Ability to 
Leain** of then students with some acciiiacy When .iveiagc ratings 
are used then accuracy is leprcsented by a coeflicicnt of ton elation 
of about 55 The leasons foi such a relaLivcly high \altdity of 
latings in the face of previously dcmuiistrated low reliability of these 
same ratings will be discussed in a succeeding section of tins report 

Agreement or Ratings with Subsi qulnt Scholastic Success 

Ofif Quaitei Re^idtme in ihe IJnivet sUy Single Rstiniates 
The final test of the value of teachers* ratings is to be found by 
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compaiing teachers’ latings with subsequent scholastic success. 
Achievement in a university is not a diicct and unambiguous critenon 
of any ot the tiaits included in this study, except Trait VIII, ''Capa¬ 
city foi College Woik/' hence the relationships that exist between 
uiiivcrsitv scholar ship and such traits as "Ability to Leain," "Ini¬ 
tiative,” etc, do not piove that the students have been rated accu¬ 
rately as to then possession of these traits, except in so fai as each 
tiait IS a deteiminant of scholastic success But we have found that 
there rs a high degiec of iclntionsliip between the seveial tiaits, due, 
probablv, to a “halo" eftcct We arc not now concerned, then, witli 
the ability of Icacliers tn judge these sepaiate traits accuiatelv, but 
aic ratliei concerned with the iclationship which holds between then 
estimates of these tiaits and scholastic success On a p7ioii grounds 
It IS sound to expect that each of the six tiaits would correlate to a 
mailced dcgicc with success, ptovided all othei facto) s leinaived 
constant 

The subjects of this section of this icpoit giaduated fioin West 
High School in 192+ and from Cential High School in 1925 and 
1926 They enteied the College of Science, Literature, and the 
Arts, Univeisity of Minnesota, in the fall iinmedlately following 
their graduation fiom high school, and continued in residence foi at 
least one quaitei Most ot them legistcied for 15 quarter credits, 
and, foi the most part, then couises weie similar, usually including 
Fieshman English, a foieign language, and a science coiiise As a 
whole, there was maikcd homogeneity as to couises taken Finer 
classification was not piacticable, as the numbei of cases is none too 
large 

Foitv-six women, and 47 men who giaduated fiom West High 
School, and were rated by at least one high school teacher, entered 
the Univeisjty of Minnesota m Septcmbei, 1924, and remained long 
enough to receive grades in their couises foi the fiist quarter’s woik 
Twentv-seven women and 24 men who giaduated fiom Cential 
Higli School in 1925 and weie rated by at least one teacher enteied 
the University of Minnesota in SepLembei, 1925. All of the 192 
students who are included in this section are native boin and white 

Scholastic achievement is deteimined by the method employed at 
the University for determining piogiess attained towaid graduation, 
etc. Lettei giades to aic given m each course A grade 
of "'E" IS conditional and the final grade was then obtained at a 
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later date in each case In oidci to expedite the statistical tieatmcnt 
of these data the following numevical values wc\e assigned the 
lespectivc lettci grades A, 3 points; B, 2 points, C, 1 point, D, 
0 points; and F, —1 point These figures lepiescnt the quality of 
value of each credit obtained, hence a student who obtained a “H*' 
in a five ciedit course would be gnen five cicdits and ten points 
(5x2) The final measure of average scholastic achrevement is a 
latio, obtained bv dividing the total nuiiihei of points earned by the 
total number of credits for which the pcison was icgisteicd For 
example, a student who eaincd an a and a 'TT' in dircc 
five credit courses would icccivc an index of sdiohuslup of (5x3) 
+ (5x1) d- (5x0) divided by 15, oi 1 33, Thus a ratio of 1 00 
indicates aveiagc oi woik, a latio of 2 00 inditatcs 'Ar woik, 
an index of 3 00 'VT" woik, an index of 00, woik, and a latio 
of —1 00, uoik These latios will be called “Hanoi Point 
Ratios Despite seveial objections to tins method of indicating sclioU 
astic accomplishment, it is employed because the figuics aic lendih^ 
available, and because this is the metliod used by the Univcrsitv 
Administration to detcimine the same facts about the achic\emcnt 
ot students 

The students who cnteicd in 1924 and 1925 wcie veiv similai 
to the student body of the Univeisitv as a whole, <is mcasuicd by 
scholastic achievement and College Ability Test scores The 1926 
entiants were supeiioi to the usual uin of students according to the 
same indices These figuies are piesented in Table 3 

Despite a lathcr small sampling euoi, tlieic being moic ^'above 
avciage” than “below avciagc” students among the subjects of tins 


TABLE 3 

Ml\ns vnd Standard DpviAnoNs of tiii Various Groups in Sciioi vrijiiip 
and Intei I iofnce, Including \ Confroi Group 


Gioiip 


N 

Honor Point 
Mean 

Ratio 

SD 

InlclliKcncc 
Mean S H 

Conlrol 

Girls 

310 

.79 

87 

48 81 

27 60 


Boys 

293 

61 

.85 

53 5+ 

30 05 

1924 

Girls 

46 

85 

83 

53 00 

26 10 


Boys 

47 

67 

73 

62 55 

29 70 

1925 

Girls 

27 

1 12 

91 

46 70 

28 40 


Boys 

24 

65 

78 

5946 

28 10 

1926 

Girls 

26 

1 34 

78 

72,50 

25 70 


Boys 

22 

127 

74 

69 50 

27 30 
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Study, tile results obtained nnd to be piesented would seem to be 
applicable, for the most pait, to the rating by teachcis of students 
in general as far as the Univeisitv of Minnesota is concerned 

The relationship between tcachcis* ratings and subsequent scholas¬ 
tic success arc presented in the form of coefficients of correlation 
(Pearson prodiict-moraent formula) These coefficients are pre¬ 
sented in 7'ablcs 4, 5, and 6 

Despite the low icliability of these ratings, as shown in the first 
part of this study, theie is a faiily high degree of vallditv, except 

TABLE + 


Con riciCNii^ or CoRRFiAnoN Showing tiii Rrr ationshii* bitwcen Teachfrs’ 
Ratings and One Quarter or University Scholarship Cfntrai High 
ScHOQ], 1925 96 Ratings on 27 Giris,* 86 Ratings on 24 Boys^ 


1 raits 

I 

11 

III 

IV 

V 


VIII 

Total 

Girls 

Bovs 

55 + 09 
08 + 13 

46 “I- 11 
09+ 13 

51+ 10 
18+ 13 

52 -h 
10 + 

10 .25 + 
13 12 + 

13 

13 

68 + 07 
,22+ 13 

,60+ 08 
13 + 13 


■^Probahle errors of the coeflicients of coticlation have hecn compiUed 
conservatively on the basis of the niimhei of pupils rnied riTther than on 
ihe basis of the nnrnlier of ratings m<iHe 


TABLE 5 

COEFriCTENTS OF CORRFl ATION SHOWING rfJF Rci AT lONSHlI* nETWPPN TlaCHPRS' 

Ratin(,s and Ont Quarter or University Sciioiarship Central High 
S cHooi, 1926 71 Ratings on 26 Girls* oO Ratings on Zl Boys* 


Trails 

I 

II 

III IV 

V 

vm 

'I otal 

Girls 

Roys 

45+11 
43 + 12 

34+ 12 
34+ 13 

45 + 11 35 + .12 
33 + 13 ,36 + 13 

39+ 11 
41 + 12 

49+ 10 
40 + 12 

,48 + .10 
46 + 11 


*Prol>c}ble error? of the coe/liticnt? of correlation have been computed 
conservatively on the basis of the numhei of pupils rated ratlur than on 
ihe basis of the number of ratings made 


TABLE 6 

Coefficients or Corrfi ation Showing the RcLAriONSiiiP bcivveen Ti aciiers’ 
Ratings and One Quarter of UNivLHSjry SciioLARStr/p West High 
S t Hour 74 Ratings on 46 Gmis,’^ 66 Raiings on 47 Boys^ 


Ti aits 

I 

II 

III 

IV 

V 

VIII 

Total 

Girls 

Boys 

.54+ 07 
48+ 08 

47 + 08 
43 + 08 

56 + 07 
39 + OS 

16 + 08 
36 + 09 

51 + 07 
42+ 08 

60 + 06 
57+ 07 

59 + 06 
.55 + 07 


''^ProhaMe errors of the coefhcicnts of coirelation have been computed 
conservatively on the basis of the lunnber of pupils lated lalhcr than on 
the basis of the number of ratings made 
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foi the 1925 gioiip of men fiom Central HirIi School The best 
intelligence tests yield coeflicicnts of coirelation of about 60 with 
college scholarship These latings con elate with schol.irship to 
approximately the same dcgiec On the face of it, there is a ratlicr 
marked iclationship between pcisonality ratings and acliievcnicnt, 
pai ticulaih' between latings on "Capacity for College Work" (Trait 
VIII) and Univeisity Scliolarship 

Ratings on particular tratts con elate to a higher degree, or to 
the same extent, at least, as total ratings This suggests that the 
raiingii on ''Capacity for College IFoik” ate as valuable foi prog¬ 
nostic use a^ latings on all ^/\ iuuts If furthci research does not 
contiadict this lesult, then much time and energy would he saved 
by asking foi ratings on a single general trait instead of on six or 
more specific tiaits, since the additional tiait latings add nothing to 
the value of the single general trait, as evidenced hv the coefficients 
presented in the above tables Tins finding confirms the wnsdoin of 
present practice at the University of A'linnesota in including this one 
geneial trait, "Capacity ioi College Work," on the cicdcntials blank 
Average of Three Estimates In ordei to increase the lehability 
of teachers’ estimates the latings of three teachers were averaged 
These aveiagc ratings wcic then correlated with University scholar¬ 
ship to dcteiminc whether such an increase in leliahilitv would he 
accompanied by any marked increase in Vtilichty This analysis was 
confined to two classes fiom Central High School because there were 
too few students lated by as many as three teachers in the other high 
schools studied The results are presented in Table 7 

These coefficients tcpreseiit a faiilv icgiilar increase over the co¬ 
efficients presented in Tables 4 and 5 They suggest that in pre- 

TAHLK 7 

CoFFFicicNis or CojiRi r mow hhwefn Aviru.i Raiikos (3 llArras) and 
One Quartir of UNIv^R5>m Schoi arshif (Honor Point Ratio) 

central HikU Schuol, Class ot 1925 N= f"'*'' 

” ’ vl linUD 


Traits 

I 


11 


III 


IV 


V 


V3U 

Total 

Gills 

60 ± 

09 

52 ± 

10 

5S It 

09 

55 ± 

09 

28 ± 

12 

74 it 

06 

67 ± 

07 

Boys 

09 It 

IS 

tl ± 

15 

20 ± 

14 

12 ± 

15 

15 ± 

IS 

25 It 

14 

15 It 

15 


Central 

1 High School, 

Class of 

19Z6 

_ 23 girls 
20 liovs 




Girls 

SO ± 

11 

39 ± 

12 

49 ± 

11 

39 ± 

12 

13 ± 

12 

55 

10 

54 ± 

to 

Boys 

-va it 

12 

39 It 

13 

36 It 

13 

40 ± 

13 

46 ji 

12 

44 It 

12 

S2it 

11 
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dieting scholristjc performance, teachers* i a tings should be ave raged 
jn ordci to mcicase then reliability, and lienee then validity, though 
there aie few statistically significant differences Sonne of the ob¬ 
tained liigii coefficients may be due to chance since there are very 
fevy cases involved, and yet the tendency is found in both classes and 
in all traits, suggesting that the tendency is definitely piescnt This 
conclusion is in line with the findings of Rugg (5) in regard to 
ratings in the United States Army 

One seiious limitation of the demand that three independent ratings 
be avciaged foi each student is apparent from our own data, namely, 
—in practice it is difficult to obtain as many as three independent 
latings on each subject In Industry it is almost impossible Even 
at the end of a four year high school coiiibc it would seem to be 
difficult although not impossible to find thice teachers who feel 
sufficiently well acquainted with the avciage senior to wan ant sub¬ 
mission of a detailed rating 

Long Time Residence In the Utnvet sity. The study of the ability 
of teacheis to pi edict University scholarship so far pjesented uti¬ 
lised one quarter of University scholarship as a enterron We will 
now compare personality latings with longer intervals of scholastic 
work 

(a) Tioo yeafs of scholmship Twentj^-two boys and 26 guls who 
graduated fiom St Paul Central High School in 1926 and were 
rated by at least one teacher completed approximately two years of 
woik at the University of Minnesota Honor Point Ratios, as de- 
bCnbecl before, were used to represent their scholastic peifonnance, 
These indices were then coiielated with teacheis^ latings on “Capac¬ 
ity for College Work*’ (Tiait VIII) yielding a coefficient of coi- 
1 elation of + 32:1: 12 for the giils and -f- 61± 09 foi the boys* The 
22 boys were given a total of 60 latings,—hence the coi relation is 
between tliesc 60 ratings and the Honoi Point Ratio indices The 26 
girls weic given a total of 71 latings, and these, likewise, aie the 
measures which enter into the con elation scattergraph Probable 
errors which are given with the coefficients of coi relation are com¬ 
puted conservative!}^ on the basis of 22 bo 3 's and 26 girls rather than 
On the basis of the total number of ratings 

Apparently, the prediction of capacity for college work of the 
boys is bcttci when two years aie considered than when one quarter 
is the criterion, but the prediction of success for the girls is not as high 
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when two yeais are consulcicd This trend is unusual, since, in 
general, achievement of girls has been predictable to .i gicatci degree 
than achievement of boys Unfoituiiatclv, the small number of eases 
involved makes inteipictation hazardous since we cannot be suic 
that the two coefficients would not fliiLtUcite greatly in other similar 
samplings 

(b) Thtee yenfs of siholatship Three yeais aftci the 1925 classes 
fiom Cential High School cntcicd the Univcisih, manv had can¬ 
celled out or wcie dropped for low scholarsliip Some who can¬ 
celled then rcgisCiatioii had honoi point latios above -|-I 00, winch 
would indicate that they wcic doing satisfactoiy woik at that time. 
On the other hand, some who wcic enrolled at the end of the third 
veai had lionoi point ratios below -1-1 00, indicating that then scliol- 
aiship was not satisfactory 

In the following table these students have been divided into live 
groups and then ratings on Tiait VI11 indicated Tla-^e gimips 
lepiescnt («) those who wcic enrolled at the end of thiee ^eals and 
had honoi point ratios of 1 00 oi nioic, (b) those wlm weic enioiled 
but had ratios of less than 1 00, (c) tho'c who had cancelled even 
though then latios were 1 00 oi bcttei, (d) those wlio had cancelled 
with latios below 1 *00, and (e) those who had been droi>pcd bv the 
University for low scholarships These figuics are pic seated in 
Table 8 

The right hand column of this table shoWvS the pci cent of ratings 
in eacli catcgoiv which weie equal to five scale steps or mme These 
measuies are ciiide, but show a tendency which mav be significant 
Ninety-eight per cent of the ratings of guls who weic enrolled at 
the end of thiec years and had lionoi point ratios of 1 00 or more 
were latcd five oi higher when they wcic liigh school scniois Fur- 
thcrmoie, all latuigs of giils who had cancelled but had maintained 
a satisfactory scholastic standing (1,00 oi higher) were above five 
These two groups may be consulcicd to be about equal in '‘Capacity 
for College Work’* as shown by tlieii grades in the Universitv, since 
those included did do satisfactory work. Ratings show a similai rc- 
lationship 

The two lowest categories arc the torn th and fifth, "Cancelled 
with ratio of less than 1 00,” and “Dropped for low scholarship ” 
These t\vo groups of girls weic rated considerably lowci than any of 
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TABLE S 

Sfro^v^tNG iHf Rrr AtcoNTSirtp ucrwEtf^ I'rrRCt YcARs^ Scholarship and RArihrcs 
ON “Capacity for Coilecte Work” 


Central School, 1925, N=27 Girls, 96 Ratings 

Ra fluffs, Tiait VIU 











Percent 










rated 


1 2 

3 4 

5 

6 

7 

8 9 10 

N 

Median 

5 Or higher 

En rolled 










(1 oo-h) 

Cancelled 


1 

5 

5 

12 

9 7 6 

45 

S 00 

98 

(1 00+) 
Enrolled 





3 

2 3 

8 

85 

100 

(1O0-) 

Cancciletl 


2 

‘ 

3 

3 

1 

10 

67 

80 

(100~) 

Drojiped 

2 

5 3 

9 

7 

6 


32 

5J 

69 

(LS) 


1 





1 

45 

00 



Boys 

N 

=: 

24, 

85 Ratings 




Enrolled 










(100+) 

Cancelled 


1 4 

7 

6 

7 

1 

26 

62 

81 

(1,00+) 

Eniolled 


1 

2 

3 

1 

1 

8 

63 

88 

(100_) 

Cancelled 


2 4 

9 

5 

3 


23 

56 

74 

(100-) 

Dropped 


L 1 

5 

3 

1 


11 

SJ 

82 

(LS) 

1 

3 t 

8 

5 



18 

5 5 

72 


the othei gioups although 22 of the 33 ratings assigned members of 
these two groups weie five oi hlgliei. 

The ratings of boys do not show as definite a tendency to con elate 
with achievement This is in line with the low coefficients of coi- 
relation between ratings and fiist quaitci scholaiship as shown in 
Table 4, but is in matked contia^ft to the relationship between cstb 
mates and two years scholaiship of the 1926 Ccntial High School 
gioup This discrepancy mav be due to a sampling erroi, since the 
numbci of cases is small, but may also be due to lack of consistency of 
teachers’ ratings. 

(c) Foin yeais of scholaiship At the end of four years some stu¬ 
dents have graduated, others have gone into piofcssional schools, 
whereas otheis are still enioiled oi have cancelled oi have been dropped 
by the University. Table 9 presents the distributions of latings of the 
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table 9 

SIIOVVINC iHk UriAiioMsiiii* niTvvnN Four \f\rs' Scihh \hsuii» and Various 

Indices 


Grouli 


West IIiRh School Girls N—+/5 Girls, 74 


Ratmgs Trait Till 


Ratin^^s 


Ton cm 
ntcJ 



12 3 + 

5 6 

7 

8 

9 

10 

N 

Median 

5 nr highi 

Degree 

Enrol kd 


1 

3 

5 

3 

4 

16 

8 8 

100 

(100+) 

Cancelled 


1 5 

2 

3 



11 

6 9 

91 

(100+) 

Enrolled 

1 


1 

3 

2 


7 

8 5 

86 

(100-) 

Cancelled 

1 

3 

3 

1 



S 

70 

88 

(100-) 

Dropped 

4 2 

1 6 

6 

2 

1 


22 

6 67 

59 

(LS) 

2 2 

1 3 

2 




10 

6 00 

50 


Bo)s 

N=47 

JJovs, 

66 

Ratings 



Degree 

Enrolled 


1 1 

5 

4 


2 

13 

7 9 

92 

(1004-) 

Cancelled 


1 1 

2 

8 


1 

13 

8 3 

92 

(100+) 

Enrolled 


1 

2 




3 

73 

100 

(1 00-) 
Cancelled 

1 

1 1 

6 

2 



H 

7 4 

82 

(1 00— 
Diopped 

2 1 

5 3 

5 

1 



17 

6 2 

53 

(LS) 

1 

2 3 

2 

1 



9 

6 5 

67 


various catcgoiics .as pjivcn iii the preceding table uith the addition of 
“obtained degree “ 

These figuies show a rnthci decided tendenev to sluw liioup dif¬ 
ferences, since gills in the "favoiablc” c.itegoncs aie latcd 5 or iiioic 
100, 91, 88, and 86 pei cent of the time whereas only 59 pci cent of 
latmgs of those girls who cancelled with poor scliolarship and only 
50 pei cent of those who were diopped foi low scholaiship ss'cie lated 
5 or moie on “Capacity foi College Work ” Median ratings show 
the same tendency to disci iminatc 

The latings of boys, while not quite as disciiminatmg in terms of 
the per cent who were latcd five oi more, aic also difkerentiated bj 
their high school teachcis according to then latei poiformancc to a 
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fair device Median latinp^^ '^how tins tendency nioic than the per¬ 
centage figures 

Combining the data fioin Tables 8 and 9 into one bcattergraph 
^hovi*; a lelationship as given m Table 9a 


table 9a 

Rating} 



1-2 

5-4 

5-6 

7-S 

9-10 

N 

Dpgiec 



3 

17 

9 

29 

Enrolled 1 


6 

31 

4+ 

14 

95 

Cancelled 1 


2 

6 

13 

5 

2C 

Enrolled —1 


10 

23 

19 

0 

52 

Cancelled — 

S 

27 

61 

26 

1 

120 

or Dropped LS 







N 

s 

45 

124 

119 

29 

322 


On the basis of a crude analysis of these 322 judgments or ratings, 
it becomes apparent that a situation eMsts here which is similar to 
that which exists when scholaiship is pjcdicted bv College Ability 
tests. That is> few individuals who arc rated “low*' do satisfactory 
work, whereas a considciable number who aie latcd “high” do poor 
work All students who were latcd as low as 1 or 2 failed to do 
satisfactory woik and were either dropped foi Jow bcliolarship or 
cancelled then icgistiatlon voluntnidy No one who was lated as 
low’ as 3 or 4 obtained an Academic degree at the end of four years* 
woxk, 

On the other hand, one student, wntli a latmg of 9 cancelled with 
low scholarship and 45 judgments of 7 or 8 on “Capacity for College 
Woik” were on students who had scholastic iccoids below 1 00, 
Twenty-six of them were dropped for low sctiolaiship oi cancelled 
out and 19 wcie eniolied, but with low scholastic aveiagcs 

These icsiilts suggest lather decidedly that teachcis* ratings alone 
are fairly valuable foi predicting scholastic peifoimance over a long 
time period. In othei words, such subjective estimates seem to pos¬ 
sess a faiily high degice of validity 

This conclusion is suf^ported by conelations between ratings and 
one quart Cl scholarship, by coiiefations between ratings and two 
years scholaiship, and by comparison of ratings with scholastic per- 
foimance over three and foui yeai periods 

If such relationships obtain between ratings and scholarship foi the 
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total gioup of students, extiemc cases should ‘^liow the valid j tv of 
tcachcis’ latings to a gicatci extent We will, accoidingly, sccwh.it 
relationship holds between ratings and pcifurmaiicc foi extreme cases, 
and particularly foi disciepanev cases 

Sensitivity or Ratings in Dirri-RENTiATiNC. Disciur\NCY Casts 

(rt) Discf epn}tcv beiween Coller/c /Ibility Test scotes and IJjikfCf- 
sity achievement If teachers’ latuigs .lie valid mcasuics of scholas¬ 
tic pcrform.ince, extiemc cases of high college .ibilitv and high scliolas- 
tic attainment, low college ability, Init high scholastic attainment, 
higli college abilitj'' but low pcifoimancc, and low abihtv and low pei- 
formance, should be selected lathci accuratelv Some of lliesc aie 
extreme cases of achieving accoiding to tested ability whcicas othcis 
ai c cases of mai ked disci epanev between ability and pci foi mance We 
wish to asceitain, then, how well te.ichcis can predict scholastic 
achievement jelaiivc to tested ability, able 10 contains data which 
will assist our analysis of this point 

The lecoids of 14 giils and 10 bovs who graduated fiom Central 
High School in 1925 aic presented in the iippei pait of tlic t.ible and 
the records of 12 girls and 10 bovs from the same high school m the 
senior class of 1926 arc picsentcd in the lower part of the table In 
such an analysis as is here undei taken the mimbcr of cases althoiigli 
admittedly small is sufficient to test the sensitivity of ratings in dilfcr- 
entiating such maikecl discicpancy cases The anlvsis is Msei on 

cases in all, involving 127 ratings i r_ 7 TT 

We may interpiet the tabic as follows Three giils in the Hl-liU 
gioup, for example, weic given eight diffeicnt ratings which aver¬ 
aged 8 4 on ‘‘Ability to Lcain,» 7,6 on “Initiative/' 7 8 on Industry 
7 3 on “Scholastic Zeal/' 7 6 on “Dependability, and 8 8 on Capa¬ 
city for College Work ” The average scholastic pcrfotmance of these 
girls IS icprescnted by an Honoi Point Ratio of 2 22, and then aver¬ 
age tested College Ablllt^ is repicsented bv a percentile seme of 9 
These gills aie a vciv select gioup, and relative to the othci gioups 
m ,.11 «. »p=,io. Tl,» r,.m« on "Cnpau V or 

College Woik” !<! particulaily high 1 his group is deal \ 
lerentinted from the other three groups hv average teadieis latings 
It 15 logical to expect that those who have low tested abihn hi 
achieve hfgh grades will be rclat.velv indu^tnous. and that tliose 
who have high ability but do not do satisfactory work will be rela- 
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Ll-LI reierij to the low ^..ollege Ability ana low 
Av HPR refers to the scholastic achievement 
CAT refers to Coflege Ability Test 
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tivcly lacking in industry 1 his logic is not suppoited by teachers^ 
latings, howcvei, since the one girl wtiu \\cis of low ability as tested 
but who achieved satisfactoiily was given an avciagc lating hj' three 
teaclicis of 6 3 on “Ability to Leain/’ of 5 7 on “Capacity foi College 
Woik/' and only 4 0 on “Inclustiy“ and “Scholastic Zeal “ On the 
othei hand, five gals, who had relatively high ahihtv as tested hut did 
pool woik m the Univcmtv, were given 14 latmgs which aver^Aged 

6 9 on “Ability to Leain,“ 6 2 on “Capeicity foi College Weak,” and 

7 2 on “Industiy”! Although given an aveiagc rating 6 higher llian 
the LI-HU individual on “Ability to Learn,’* they wcie given an 
aveiage rating of 3 2 higher on “Industiv** Clcaily, there is lack 
of diffciential lating sensitivity in this situation The treiul wIhlIi 
CMSts seems lo follow tested abdilv rathei than actual acliic^cincnt, 
and this tiend is found foi all tiaits 

Ratings of the 1925 gioup of boys seem to have little diflcieiitial 
value, This is consistent with the low coi relations ohtanicJ between 
ratings and scholaiship for tins group as given cailici in Table 5 

Ratings of the 1926 group of gills reveal a simdai tendency as wms 
found in tlie ratings of the 1925 group of girls, WMth one maikcd 
exception The III-HU gioup is diifercntiated from the otliei three 
gioups in all tiaitb, but the othei three gioups arc latcJ at being quite 
homogeneous The latings follow achievement lathci than tested abil¬ 
ity to a 4iglit degice in some traits, particiilarlv m Tiait VITI, “Capa¬ 
city foi College Woik,’* and “Industiy*’ This time the LI-IllJ 
group IS tated 7 3 on “Industiv” as compared to 8 4 h>r the III-IIU 
group, 6 2 for the HI-HU group, and 5 7 foi the LI-LU gioup Logi¬ 
cally the LI-HU gioup should be even inoic in dust nous than the 
HI-HU gioup, since they achieve satisfactoiih despite handicap^ of 
low capacity Fui theimore, it might be expected that the LI-LU 
group would be moic indiistiious than the Hl-LU gioup, but they 
are laled as low^ei 

Ratings of the 1926 group of hoys follow^ the tested ability of each 
group to a maiked dcgicc and do not dif+eicntiatc accoidirig to 
achievement 

These icsuLts suggest that very high ratings h^ tcachcis may be 
significant for use m picdicting scholastic achievement, though they 
tend to follow tested abilit\ more closely than actual acliievcnicnt 
Tbeie is present, also, fuithcr evidence for a lack of anaUticnl judg- 
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mcnt in lating, i e , tcacheis do not seem to judge according to speci¬ 
fic merits and weaknesses oi personality* 

A Partial Analysts of thr Basis of Teachers' Ratings 

In the pieceding section we found that teachers’ ratlings tend to 
confoim more closely to tested Academic Ability** than to actual 
achievement We found that presumably “lazy*’ students were rated 
about as high in “Industty** as hard working or noimally industrious 
students This finding suggests that the latings are ielated more di¬ 
rectly to tlie “examination value** of theii students than to teachcis’ 
knowledge of the possession of various specific traits by theii students 

In order to follow up this suggestion, coefficients of con elation weie 
computed to determine the iclationship between latings and high 
school scholaisliip Coiielations between high school scholarship and 
university scholaisliip weie also obtained Partial coefficients of 
correlation between latings and university scholarship, with high 
school scholarship held constant, weie then computed The Correia^ 
tions obtained between teacheis* isitings and high school scholaiship 
for those students who entered the University ot Minncbota aic pic- 
sented in Tables II, 12 and 13 

Apparently, according to the figuies presented in the above tables, 
teachers* latmgs coirelate to a maikcd extent with high school schol¬ 
arship This iclationship seems to be closer than the relationship be¬ 
tween ratings and univeisity scholarship, and gives some support to 
the suggestion which was mentioned earliei, namely that i a tings may 
be based upon “examination value** instead of specific behavioi char¬ 
acteristics* 

Coefficients of coirelation, zeio older, between high school scholar¬ 
ship and university scholarship aic 

West High School* Girls -|-65dr 06 Boys -|-65±06 

Central, 1925, Girls 74dr 06 Boys 4^ 32dr 13 

Cential 1926 Girls T*69dr 07 Boys T 56dz 11 

These correlations are about the same «is those which usually obtain 
between scholarship in the UniversitV of Minnesota and high school 
records from laige high schools such as West High school rind Central 
High School Vaiiations which occur are probably duo to the small 
number of cases in each group* 

The next table, number 14*, contains paitial coefficients of correla¬ 
tion between teachers’ ratines and scholastic achievement in the Uni- 
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TABLE 11 

COFI-tlCIENTS 01 CORRtr Allow bHO\MNrf 1HL RfI ATtONSlIIP HI TV^ 1 b N IlALlItKS' 
RMINGS \ND High Sciiooi Sciioi arshif 
West High School 7+ Ratings on +6 Girls* G6 Ratings on 47 Bins* 

I _ II III IV V VUI 'roiab 

Girls 6S± 06 66± 06 63dr 06 63± 06 65± 06 70± 05 67d= 06 

Boys 62± 06 66± 06 54± 07 61 Hz06 S8± 07 66± 06 63±06 


FABLE 12 

CoErnciTis rs oi Corrh atiow SiiowmG tip Kn MtoNbUU* nM wm n 11 Aciii rV 
RAriNGS AND High Sciidoi Scicor arsiiii* 

Ccnti al High School, 1925 98 Ratings on 27 (.hrls * 90 Ratings on 21- Boys * 

Traits I II III IV V VIll Totals 

Giih 62±.08 S6± 09 54d: 09 60d: 09 49± 10 7tdt.06 67±07 

Boys 31± 12 26:*: 13 52d: 10 40± H 29:t 12 47± 10 4S± 11 


TABLE 13 

Coefficients OI Corkei ation Showing tiii Rti ationsiiip nnw'n-N iFAciirna' 
Ratings and High Sciiooi Schoiarship 
Cential High School, 1926. 71 Ratings on 26 Girls* 60 Ratings on 22 Boys* 

Tiaits T II III IV V ^l]_ 

Girls 58± 09 50± 10 61± 08 56± 09 50± 10 68± 07 66± 08 

Boys 49±11 45± 12 67± 08 ,68d: 08 66± 08 71± 07 69± 03 

^Probable eriors computed on basis of number of iiuliviiluah, not on 
basia of number of ratings 


TABLE 14 

CorrncrtNTS or CoHitciAnov in iwifn Rmings \ni) Univirshi Sliuh arsihp^ 
WITH High Sciiooi. SciiofAKSinp lino Consfani 


I 

West, 1924 

20 

Central, 1925 

17 

Ccnti al, 1926 

09 

West, 1924 

13 

Central, 1925 

— 02 

Central, 1926 

24 


II 

HI 

IV 

07 

Girls 

25 

09 

OS 

19 

14 

00 

05 

— 05 

00 

Boys 

10 

— 05 

01 

02 

— 03 

15 

00 

02 


V 

VIII 

’lotal 

IS 

27 

27 

13 

29 

2L 

08 

02 

04 

10 

28 

29 

03 

08 

— 02 

12 

06 

la 
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versity of Mmnesotn^ Avhcn high school scholarship is held constant 

Bv holding high school scholarship constant, the coefficients of 
correlation between tencheis' latings and university schohuship diop 
maikedlv These coi relations suggest that teachers’ latings correlate 
with univcisitv sdiolniship only in ho far as they correlate with high 
school lecorcls 

The writer lecognizcs that there aie pitfalls in the way of intei- 
pretation of paitial coefficients of coitelation Careful analysis on 
logical giounds of factois at woik is necessaiv bcfoie any conclusions 
can be drawn as to cause and effect It would seem, howevei, that 
unless high school giades aic detcimined by attitudes of "liking’* oi 
"disliking” on the pait of the tcaclicis, that tcacheis foim then judg¬ 
ments in all tiaits included in this study on the basis of achievement 
in high school At least, judging on the basis of the practically zero 
coefficients of correlation which aic obtained between i a tings and 
«choIaiship with high school iicliievcment partialled out, teacheis’ 
latings add nothing significantly to high school lecoids foi Piedtcting 
uuiveuHy scholatshp 

Further evidence that teacheis’ latings and higli school scholaiship 
are more closely iclated than latmgs and unwcisity scholarship is 
found by companng i.Uings with location on the scattcrgiaph lepie- 
senting the coirelation between univcisitv scholaiship and high school 
scholaiship, This comparison will be similar to the analysis of lat- 
ings of disciepanev cases, except that will not be conceined with 
maikcd agicement oi disagreement between high school records and 
university scholaiship The data foi this analysis arc contained in 
Table 15 

A lathei maiked iclationship is found hcic between high school 
achievement and ratings Those who had high standing in lugii 
school weie lated high regaidless of then latei peifoimance in tlie 
Uinveisitv Those who ranked low in high school weie lated low, 
without diffcientiation accoiding to their university pcifoimance 
This tendency is nioir pionoiinced heic than it was in the comparison 
of disci epanev eases eaiher. 

Even though we cannot he sure of the natuie of "cause and effect" 
in this situation we have evidence which leads us to believe that teach- 
cis’ latings have validity foi use in picdicting scholastic achievement 
only in so far as they represent achievement in high scliool It would 
seem that foi use in guiding college students that teachers’ estimates, 
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TABLK 15 

BATIJJCrS ON StUDI NTi> IN IHL FoUR QUADRANrs Or THk SCATI LR(,RAl'HS SlIO\VIN(i 
Tnr Rii VTioN^iiir DLrvvri n High SLJiooir Sciiotarship \ni3 
University Sc hoi vrship 


Group 

Selected 

N Ratings I 

11 

III 

IV 

V 

VIII 

Av 

HPR 

Av 
H S P 





Girls 






Central 1925 










HH-HU 

5 

13 

86 

7 9 

8 2 

7 8 

8 1 

89 

2 33 

91 

LTI-IIU 

2 

5 

54 

5 0 

5 4 

5 8 

54 

5 8 

1 07 

23 

HH-LU 

2 

4 

63 

5 5 

7 3 

5 3 

5 8 

6 0 

94 

80 

LH-LU 

V 

n 

45 

4 2 

52 

1 1 

5 6 

42 

— 20 

16 

Central 1926 










IIIMIU 

4 

12 

S 1 

80 

8 V 

7 8 

7 9 

8 0 

2 43 

98 

LH-IIU 

1 

3 

57 

5 3 

6 3 

5 0 

5 3 

S 7 

2 33 

50 

HH-LU 

2 

5 

72 

70 

7 2 

7 0 

6 2 

68 

24 

68 





II 03 s 






Central 1925 










mi-iiu 

4 

11 

66 

63 

67 

5 8 

-I 9 

6 1 

1 60 

19 

LII-IIU 

0 

0 

None 







HH-LU 

3 

S 

65 

6 3 

68 

5 1 

5 5 

66 

77 

81 

LII-LU 

6 

14 

54 

45 

1-2 

4 1 

13 

4 5 

13 

15 

Central 1926 










IIH-IIU 

2 

6 

87 

83 

83 

8 5 

80 

87 

2 57 

95 

LII-HU 

1 

3 

50 

30 

43 

3 0 

40 

47 

1 33 

U 

HH-LU 

2 

S 

6 4 

64 

7 6 

74 

7 0 

70 

28 

71 

LII-LU 

3 

9 

57 

5 6 

47 

4 l 

4 6 

46 

22 

18 


Note itll-IIU refers to the Rroop wlio attnmed to high standing m high 
school and also at the uiijversjty 

LII-IIU low hiKh school scliolnrshij), high uiuvcrsily scholarship 
Ull-LU high high school scholaisliuh low univcr&itv scholarship 
LII'LU low scholarship m high school and in the iini\er»ity 
Av 11 PR refers^to the Honor Point Ratio 
Av 11 SP R refers to High School Pciccntile Rank 


when obtained undei usual conditions and fioin laige high schools, 
add no significant infoimation to othei muic ichablc measures of 
aptitude foi college woik In paiticulai, they do not sccin to con¬ 
tribute significantly to liigh school standing <is a picdictivc device 


Summary 

On tlie basis of the piccccling analysis of tcachcis’ subjective esti¬ 
mates of pcisoiinlity traits it appeals tliat such estimates, altliougli pos¬ 
sessing a fair degiee of validity foi picdictitig iinivcisitF scholaisliip, 
do not add significantly to moic objective measures, such as high 
seliool scholaiship The evidence for this conclusion is as follows 
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1 There is A low degree of validity in terms of the peisonality tiaits 

being rated as evidenced by coirelations between ratings by difterent 
teachers of the same students of from + 17 to with an average 

of -h 35 One icason for such a low degiee of agreement among 
ratcis in then estimates is probably due to lade ot similar contacts 
with their students 

2 Ratings on ‘^Ability to Learn’^ con elate to a fair dcgiec (4-50) 
with College Ability Test scores, indicating a fair degree of validity of 
latingb on this trait When aveiaged ratings are used their accuracy is 
rcpiesented by a coefficient of coirelation of about -\- 55 

3 Personality latings coirelate with subsequent scholastic per- 
foimance to a fan degicc 

(a) Scholastic lecoids foi one quaitei are predicted by ratings tr> 
an extent icprescnted by coefficients of correlation of + 08 to +,68 
with an average of +,38 “Capacity for College Work** ratings cor¬ 
relate with achievement to an extent of from +.22 to + 68, with an 
aveiage of +49 Averaging thiee latmgs increases the coirelation 
to some extent, though not significantly 

(b) Prediction of long time scholarship is about as accurate as 
picdiction of one quaitei’s scholastic recoid 

4, I’eachcrs* ratings do not diffeientiate those whose records on 
the College Ability Test are in disagicement with tlieir unlveisity 
rccoids Ratings tend to follow test scoie* more closely than scholar¬ 
ship indices 

5 This tendency to be lelated to test tecords rather than to uni- 
vcisity scholastic lecords in ratings of discrepancy cases suggested that 
ratings are based on the “examination value” of the students This 
suggestion was followed up by the paitial corielat'ion technique, and 
although conclusions as to cause and effect must be lendered with 
care, tliere is evidence that teachers’ latings do not add significantly 
to high school iccords m picdicting universit}^ scholarship This 
conclusion is based on partial coriclations of from — 13 to +.29, 
with an average of + 10 between latings and university scholarship, 
when high school records arc held constant 

Ratings of students whose university and high school records dis- 
iigiee arc related to high school iccoids lathei than university records 

Discussion and Conclusions 

In this section attention will be given briefly to the general status 
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of the pioblem of personality ratmf^s In this connection, LCilam 
implications <irisin^> out of oui data and analyses aviU be discussed 
Suite discussion of spctific find mgs lias already been made in pre¬ 
ceding sections, repetition at tins point would seem to be unnetessary 
It? IS not necessaiy to review the history of testing to cmphasi/.c the 
unreliability and lack of validity of individual teacher's judgments of 
acliicvenient, and vet then estimates ot the pcisonality and tiiaractci 
tiaits of then pupils is commonly accepted bv many college adiinnis- 
tiators and othcis The situation is anomalous, since it is recog¬ 
nized by experts that tcacheis’ judgments of aclucvcmeiit in paititiilai 
subjects are liable to giavc ciroi when using cssa\ type examination^, 
and vet they aic expected to judge tiaits winch arc picsiimahly in¬ 
finitely moic complex than achievement in spelling oi arithinctic with 
sufficient accuiacv to justify the use of those estimates in the guidance 
of college entiants 

Accoidmg to the lesults of this study, tcaclici*i in huge higli scliools, 
rating under conditions such as would he likely to exist in practice, do 
not judge students in regaid to possession of peisoi^ality tiaits with 
sufficient leliability to wan ant the use of then estimates foi place¬ 
ment and guidance of university entrants Specific personality traits 
aic not lated mclependentlv of each other, but each lating is affected 
by tile gcneial attitude of the teachci This general attitude seems 
to be closely ielated to high school achievement So much is this the 
case, that ratings con elate but negligibly with university scholarship 
when liigh school lecoids aic held constant 

Such lesults arc in gcneial agreement with the reports of other 
investigatms Kornhauser (4), for example, obtained coefficients of 
con elation between latings of diffeicnt teachers of -j-.38 and + 

He obtained consistency coefficients for a few teachers wlio latcd the 
same students twice These coefficients avciaged +60, indicating 
bcttci agiecmcnt with self than with others He concludes, 

The ngietment is not as uniformly close as iiiikIu have been 
hoped for Thcie is evidence that instructors thniiKe their 
ralcngs of particular students considerably from one cpnrter to 
the next. To what extent this is reasonable and to be expected, 
we do not know We are probably justified in interpreting it 
as due to insufticient knowledge about the people rated But it 
may be that it represents, in part, actual changes in the be¬ 
havior and attitudes of the students In any case, this factor 



424 


JOURNAL OF GliNLTIC PSYCHOLOGY 


IS one of the important causes for ihe iinsntisfactoiv final 
average ratings 

The chief icasons foi lack of jclhibilitv of latings piobably is trace¬ 
able to the complexity and specificity of the tiaits lated, and to a con¬ 
fusion between equivocante and equivalence as pointed out by Johnson 
(1) and between the jingle and jangle fallacies, as pointed out by 
Kellcv (2) That is, despite the use of similar names and the same 
desciiptions, diffcient teachcis lead them and undeistand them dif¬ 
ferently The lemedy, obviously, would be to supply much moie 
complete desciiptions of the tiaits to he rated, and even then weights 
sliould probably be assigned to the elements wliich compiisc the gen¬ 
eral trait Such a task is waiting accomplishment, and until it is 
accomplislied judgments of peisonality traits will continue to be un- 
satisfactoiy If Johnson's aiticle on "Some fallacies undeilvmg the 
use of psychological ^tests’ “ (1) is sound, and the wiiter believes it 
to be so, then tcacheis’ i a tings, as at piesent obtained, aie even more 
subject to attack on the same bases The maikcd lack of agicement 
among teachers when lating such tiaits as aie usually included in 
rating scales is evidence foi these conclusions No one would con- 
sidei depending on objective tests with reliabilities as low as 60 
and yet teacheis^ latings, which aie no moie icliablc, are actually be¬ 
ing used administiativcly in our schools and colleges 

There is urgent need for personality analysis, howcvci, and since 
fcAv ^'objective” tests aic available, teachers’ ratings will be depended 
upon foi some time to come But the solution of the problem will 
not be hastened by the indisciimiriate use of rating scales, Careful 
tiauiing of teachers in habits of obscivation, analysis, and judgment 
IS necessary 

Before such training can lesult in satisfactoiy mcasuics of peison- 
ality traits, definition of those traits is impciative, In fact, analysis 
of behavior components, and foimiilation of definitions and specific 
descriptions would become the basis and fuinisli tlie content of a 
thoiougli plan for tiaining teacheis to obseive, and enumerate signi¬ 
ficant phases of pupil bchavioi Teacheis, psychologists, and pei- 
sonnel adininistratois should dcteimine what specific bchavioi traits 
aie to be included undei each generic teim. That is, they should delei- 
mine Avhat specific behavior tiaits aie a manifestation of ^'Initiative,” 
of "Industij^” of “Dependability,” etc In this vvay complete de¬ 
scriptions of each “tiait” would be obtained and scales developed 
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thiough 1 C seal ch tcachcis would then merely consist 

of an indication of the piescncc or absence of eacli unit belKivior 
trait in the same manner as tlicj now determine the ^^ii^litncss’* or 
^‘wiongness*^ of each answer on a "nc^vtvpc” examination Aftci 
standardization of such scales, degrees of value for each unit tiait 
could he deteimined by rescaicli, not bv the judgment of each teacher 
when rating a paitictilai student When this is done, latings will 
no longer icflect the teachers’ response to tlie student as imicli as 
the actual bchavioi of the student 

ihe picscnt situation with legaid to the latings of high school 
semois tuins out to be compaiablc to the situation found bs' Ruug in 
the latmg of ofKceis m the U S Aimv (5) At the end of his ex¬ 
haustive study of aimy latings, he wiotc, “Study the data of thi^ 
investigation as you will, one conclusion piesses insistenth—tlie 
complex tiaits of chaiacter must be mcasuied objectively, not judged “ 
Ccitainly public schools will find it adminkstiativelv difliciilt, if 
not nupossible, to sccuic three independent competent rating-i on 
eithci a pupil or a te«ichci For diagnostic and tiainmg pin poses 
helpful analyses c*in be made bv question schemes But for tlic 
advancement of science, of education, and the better fitting of people 
for then life woik and plnv wc need to anal\zc cliaiactci in great 
detail and to measiiie it objectively The incasiucment of dynamic 
pcisotial and social trails stands today where tlie nicasuiemcnt of in¬ 
telligence did 25 yea IS ago—on a puicly subjective basis Twenty 
years of laboiatoiy mcasuiemcnt of specific functions preceded a 
decade of important synthetic work Since ]3inct*s oiigiiial sjnthctic 
scale of 1^08 we have moved lapidly foiwaitl in the objective lucas- 
uicment of general intellectual ability, through the betteiincnt of in¬ 
dividual tests and the coiistiuctioii of gioiip tests foi mcasuiing in¬ 
telligence 

But peisonalitv, charactei, tempeiamcnt, dispositioiu—the funda¬ 
mental complex attiihiites and then component dynamic tiaits—we 
have not even analyzed into their constituents, let alone made ade¬ 
quate tests foi them” (Rugg, 5) 
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THE MENTAL DEVELOPMENT OF CHILDREN 
FROR4 UNDERPRIVILEGED HOMES** 

Stair Untvasiiy of Icu^a 


Harold M. Skfjsls and Eva A Fiilmore 


Prouldm 

Familiarity with the pattern of /(^’s of children ui the same family 
wJicn admitted to an orphaiiaj^c suggested the picbcnt study Scan- 
ing of family recoids made it seem pertinent to investigate wliethcr 
there was really an unusual, consistent downward trend of IQ*s 
among the older members of a familv, whether the length of stay u\ 
the type of home repiesentcd might be related to mental status ns 
measured by the Stanford-Binct examination 

SunjECTs 

As part of the research program of the Iowa Child Welfare Re¬ 
search Station in coopciation with the Iowa State Board of Control, 
childien are given mental examinations as soon as possible after 
entrance to the state oiphanagcs The examiners arc staff memhers 
who have had long experience in mental testing and dealing with 
children m varied situations For this study recoids were used from 
one orphanage since its children provided an age range satisfactorily 
wide for the purpose Tlieie were 132 families, each having two or 
more childien who Iiad been tested within a short time after entrance. 
The laigc number in lesidcnce at its beginning were lost to tins studv» 
since only those tested promptly aftei entiancc could he considered. 
As a rule the tests weic made within a few days or at the latest a few 
weeks after entrance These families provided 407 chddicn languig 
in age fiom one to 14 years The laigcst family had eight childien 
witli the mean niimbei pei family, three 

*ReLeived m the Editorial Oftcc on Dtceniber 18, 1936 

n he writers wish to express llieir appreciation to the a Board of Con 
trol of State Institutions which at all times cooperated in maknig possibk 
research atiidies of state wards, to Mr Sv'l McCauley, Superintendent of the 
Iowa Soldiers’ Orphans’ Home, at which instiiiitiun the children in this 
study were examined, and to Dr George D Stotldard, Director of the Iowa 
Child Welfare Research Station, who has made possible this study 
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FAMII.Y Background 

A necessary pa it of this rcseaich was the investigation of the back' 
ground in which these cliildien had been reared Whatever might 
he shown about their intelligence must be inteipreted in relation to 
the borne situation. Matciial <about the family and home was found 
111 the family histoiles sometimes submitted as part of the official pio- 
ceduic of entering a child in the institution Such records contained a 
certain amount of factual data about the parents as well as desciiptive 
accounts of an impressionistic nature These iccords were in some 
cases very fiaginentaiy, but there were enough facts available for the 
gioup to give a picture considered adequate for the puiposes of the 
study. 

Staius of Pafents 

(a) Occiipniio?is For 71 families the occupation of the fathci 
was given in tlic history These were lated according to the classi¬ 
fication of occupations of employed males in the United States from 
the report of the Foui tceuth Census of the XJiiited Statesj Volume 4, 
1920 [cited bv Goodenough (2, Appendix, pp. 501-502)], as shown 
in Table 1 


TABLE 1 


Group 

Number 

Total 

Per cent 

1 

0 



2 

0 

0 


3 

6 



4 

2 



5 

15 

23 

32 + 

6 

12 



7 

36 

48 

67 6 


Judged by tins standaid, 67 6 per cent of the fathers were emploved 
ns day laboicrs, slrghtlv skilled woikmcn, or in occupations requiring 
iittle tiAining oi ability The icmainder were in semiskilled or 
skilled occupations, clerical positions, business, and farming None 
were in the ranks of piofessional occupations The 67 6 pei cent in 
the lower lanking occupations may be contrasted with the 32 2 pei 
cent of such workers in the nation as a whole. On the basis of occu¬ 
pational level, It might be assumed that constructive opportunities 
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for the chilclien had piobably been limited Such an assumption ap¬ 
peals valid wlien facts enumciatcd latci are also tonsidcicd Al¬ 
though the ^occupational status was given for only a part of the gioup, 
these families seemed to have enough charnctci istics in common with 
the others to make them a typical sample of the 132 families. 

(Z>) Education The educational status of the patents is shown in 
Table 2 

1 \m.\L 2 


School 


Gi ade 
Reached 

lloth Pa roll Is 
Motlieis Fathcis 

One Paieiit 
Mothers 

2 

2 

0 

2 

3 

1 

2 

3 

4 

1 

3 

1 

5 

2 

0 

2 

6 

4 

3 

7 

7 

3 

\ 

3 

8 

15 

16 

20 

9 

3 

0 

4 

10 

5 

5 

6 

H 

1 

0 

1 

12 

1 

4 

2 

Some 




college 

0 

1 

0 

Total 

38 

38 

51 

Mean 

7 5 

8ft 

7 5 

Median 

so 

80 

S 0 


For 38 families recoids of both paicnts were given The grade 
lange of the motheis was two to 12, with a mean giadc of 7,5 The 
fathers' lange was tliicc to 12, with one ha\ing an unstated amauiit 
of college training, then mean was giaclc ciglit Tlie median fot 
each group of 38 paicnts wtis giadc eight 

When the lecoid foi motheis as a group wcic considcicd tlicic 
weic 51 Tlic mean was again giade 7 5 and the median again giade 
eight 

(f) Residence in Instituiions In these 132 fainiliC'^, of the 111 
mothers living at the time the children entered tlie oiphanagc, 18 or 
16 2 pel cent weie icsidcnts of state or county institutions Eight 
were m insane hospitals, five in the lefoimatoiy, two in homes for 
feeble-minded, and three in county homes foi the indigent, Of tlic 
119 living fatheis, 19 oi 17 1 per cent wcic icsiclmg in institutions 



430 


JOURIsTAL OF GENETIC PSYCHOLOGY 


Nine were in the penitentialy, four in jJiils, four in insane hospitals, 
and one in the icformatorv 

In addition to the foregoing gioup of parents, there were five 
mothers and 18 fatheis who at some time had been in institutions 
Thirteen had been in jail, four in the penitentiary, four in insane 
hospitals, and two m the refoimatory 

Deaetiton of Family Eleven families had been deserted by one of 
tile parents In two families both parents had left 

Family Situation Although based on evidence for only a part of 
the families, it is consideied that the findings with respect to the 
status of parents arc tj^pical of the whole gioiip The dcsci iptioiis 
of the homes, the chaiacteristics of the parents, and the estimates of 
their capacities give a wider langc of evidence than the numerical 
data, and it all creates a pictuie of sameness It is felt that had theie 
been more lecoids of occupations and education they would not have 
changed the levels as found The gioup appears a homogeneous one 
in which parents were laigely in the lower occupational levels, with 
the average education being the eighth grade While poor economic 
status and lack of educational opportunities need not neccssaiily be 
considered damaging, there were in these families othei facto is that 
could not be compensated foi The apparent low mentality of many 
parents, the poor condition of the homes, lack of paiental lesponsi- 
bdity, and the presence of msamtv and law-bleaking activities created 
circumstances of underpiivilege to an extreme degree. We con¬ 
clude then that we have a gioup of childien rcaicd in homes quite 
uniformly of a type that could not provide more than a minimum of 
stimulation toward mental development. 


Mental Status of Children 

JO Distnhuiion foi Entu e Gioup With a mean IQ of 88 5, 
this group of 407 children, one to 14 j^eais of age, is seen to icpiesent 
a lowci level of intelligence than pievails in the population at large 
Taking the oiphanage entrants, five to 14 years of age, in coinpaiison 
with an unselectcd gioup of the same age lange (3), the extent of 
the lowei IQ*s, is shown (Figuic 1). 

IQ Disti ibuttoii by Age When considered by age, it is seen by 
the tabulation in Table 3 that the gioups which leach or exceed 
the mean for the whole, 88 S, are under 10 years of age 
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FIGURE 1 

Distridution of JQ's or 330 Orphanage Entrants and 905 Unsfiected 
C iMLDREN, Ages Five to 14 Years 
[Fig 2, p 66 (3)] 


TABLE 3 


Ch rono- 
logical 
age, 
Years 

NllITl- 

bcr 

Me in 
IQ 

1 

8 

108 4 

2 

27 

93 3 

3 

22 

87 7 

4 

20 

92 6 

5 

42 

89 7 

6 

24 

98 0 

7 

37 

92 2 

8 

35 

90 7 

9 

51 

88 7 

30 

34 

854 

11 

37 

83 3 

12 

35 

81 6 

13 

17 

79 6 

34 

18 

79 9 
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Theie IS no steady ticnd in IQ amon? the youngci age gioups, but 
beginning with year eight the mean IQ is lowei than that foi the 
preceding age groups combined The downwaid tiend tlicn con^ 
tinucs 

The distinction between the two age gioiips, below and above eight 
yeais, is seen when they aie compaied with an uiiselccted gioup (3) 
(Figure 2) Since the unselected gioup begins with yeat five, foi this 



FIGURE 2 

DlSTRlRUriON OF iQ's flY AgE OF ORPHANAGE AND UnSELECT^P CHILDREN 
[Fig 2, P 6e (3)] 

comparison the oiphanage gioup is begun at tliis point likewise While 
both oiphanage gioups show a decided swing downwaid tioni the 
normal pattcin, with liigliei peicentagcs of lower /(?*&, the deviation 
\5 much more marked foi the oldei gioup 

Since a slight decrease in IQ foi succcbsjve age gioups hab quite 
comrnonlv been found, it lemsuns to be seen how the decicabe foi the 
oiphanage gioup coinpaies with that foi iinselected childien For 
comparison the /Q's by age of Tciman’s 905 unselected children aic 
used (1) While the^ show a slight fluctuation below then mean of 
102 0 beginning with year 12, the oiphanage gioup shows a gieatei 
one below then mean of 87 5, beginning with j^car 10 (Figuie 3) 
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Moan IQ dy Atic or 330 Orphanacb EnTRANrs and JOS UNSuiccniD CniiORFH 
[Fiom table in 27th Yearbook (1)] 

IQ and Length of Stay in Undeiprivileged Home* Since the 
of the chlichen as used in the piecedinp; siiinmaiics was taken as of 
the time of entiance to the oiphanagc, age tlicicfoie coiieN,pands to 
the length of time spent in the child’s own hoiiie Homogeneous iis 
tins gioup has been shown to be in lespcct to familv backgiound, it 
IS considered that the findings foi age groups aie one indication of 
the relation of IQ to length of tune in the home. While it is known 
that the youngei children in these homes have not been in stiinnl.iting 
siirioundmgs, the effect of this is a inattei of time as these icsults 
suggest Although theic aie fluctuations by age among the mean /Q’s 
of the youngci chaldien, on the whole they maintain a highci level 
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thnn do the oldci ones Hovvcvei, aftei seven vcais m homes of a 
decidedly pooi cliaractci^ the mean level of intelligence drops with 
each successive age gtoup With the difteicnccs between each age so 
slight as to be insignificant, the emphasis is, of coiiisc, put upon the 
trend as a whole Although lengthening the child’s stay m the home 
by one year appaieiitJy makes no diftcience, a compaiison of age 
groups two years or more apait suggests that among children in the 
upper age levels it may be possible to deteimine a ielation between tlic 
inclement of stay and the extent of IQ decrease Gioss compausons 
of the means of various age gioiips suggest that when childien have 
been in these homes for 11 vcais, a mental level has been leached 
from which there is little deviation (Table 4) 


TABLE 4 

Comparison of Mean IQ^s of Various Age Groups 


Age 

Groups, 

Years 

Younger 

Mean IQ 

Oldci 

Diffeience 




Two Years 

Dififcience 


8 

and 

10 

90 7 

85 4 

5 3 

9 

and 

11 

88 7 

83 3 

1 

10 

and 

12 

8S4 

81 6 

38 

11 

and 

n 

83 3 

79 6 

37 

12 

and 

14 

81.6 

79.9 

17 




Three Years 

DifFeience 


8 

and 

11 

90 7 

83 3 

74 

9 

and 

12 

88 7 

81.6 

7.1 

10 

and 

13 

85 4 

79.6 

58 

11 

and 

14 

83.3 

79.9 

34 




Four Years 

Difference 


8 

and 

12 

90.7 

81 6 

9 1 

9 

and 

13 

88 7 

79 6 

9 1 

10 

and 

14 

85 4 

79 9 

5 5 


Mental Status of Siblings as Related to Length of Stay 

IN Home 

Method of Compwison To investigate fin thei the lelationship be¬ 
tween length of time in the child’s own home and IQ^ children m 
the same families weic paiicd with each othci Each child was com¬ 
pared with eveiy other one iii his family, record being made of dif¬ 
ference in age or length of tunc in the home and the /Q’s of the older 
and younger memhcis of each pan Since the family hacicgiounds 
were homogeneous, all the data provided by these pairs of siblings 
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^vc.e used in the vailous classihc.itions This method lesiiltcd in the 
older or first ,tnd second members of the family appearing in more 
pans lan tie younger ones This would be objectionable if the 
oldci ones weie large v from the upper age gioups in winch the lower 
/y s Pieyail, in which case an overweighting downwaid would occur 
in the IQs of the older membeis of the pairs However, tins did 
not happen in this gioup since the first and second cliildicn wcic ot all 
ages fiom two to 14 years Moreovci, the disti ibution on the basis 
of age differences (various duration of stay) provided a fuiHier 
means of oiTscttin|i: unfair concentintion 


IQ AND Various Lfncths oi St\y in Homf ior Chiidri n oi 

All Agfs 

As pievioijslv stated, diffciences between siblings weie cquiva^ 
lent to the time spent iii then own homes Foi the pairs tliese dif- 
feiences showed the length of time winch the oldei members of a 
family had been in the home beyoiid that of the voiinger members 
Fot each time difteicnce thcie was also the IQ of the oldci and 
youngei child foi whom the difference had been obtained On the 
basis of time differences m units of ycais, mean IQ*s wcie computerl 
foi all older members and youiigei members of the pairs in each tunc 
categoiv 

Tile icsiilts of the compaiisons of IQ*s (Table 5) indicate that a 
(liffeieiice in length of stay in the home of one \car is not joined witli 
a significant diffcicncc in TQ When the length of stay is two yeais 
longer foi the older mcmbcis, then the IQ\ arc lowei to an extent 
very near to complete leliability However, when the difference is 
extended to tliicc ycais, it is then reliably established that the cliilclrcn 
who liave been in the home that much longci than then siblings ac¬ 
tually have lower IQ^s With wider mteivals of ycais' stay this dif¬ 
ference between the oldci and youngci children is sustained, although 
with not quite as high a ceitainty of significance, peihaps due to the 
fewer individuals lepicsented 


IQ AND Length or Stay in the Home for Slllctld Act: 

Groups 

Further analysis of the relation of IQ to the length of time children 
stayed in their homes was made by comparing gioups of siblings of 
specific ages Since small differences iii IQ were found foi children 
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In the category one year, children remaining in the home from six months, zero days to one }ear, five months, twenty- 

nine days are included 
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uiidci ci|rht ^cais of age, it vvas consideicd of Jtifceicst to clcteiminc 
how they might differ fiom siblings of the following ages* eight and 
nine years, 10 and 11 years, and 12 and 13 yeais lespcctively The 
results foi these selected groups follow the same tendencies noted 
for the children as a whole (Tabic 6). While the groups below 
eight years shift, inclusion in them depending upon having siblings of 
the pi escribed highei age range, the mean IQ does not vaiy much 
Those in the same families who have been longer in the home show 
a dec] easing mean IQ The difteiences in IQ between youngci and 
older childieii arc seen to incicase with the lengthening of the age 
difleiencc or the time which the older gioup has been in the home 
in excess of the younger gioup Tune diffciences of 3 5 years, 5 2 
ycais, and 7 1 3 'eais likewise correspond to mcieasingly significant 
diftcrences between younger and older children in icspect to mean 
IQ Thus It may be infeired that in the type of home represented 
oldci clnldien aic definitely and incieasiiigly inferior to tliosc siblings 
undci eight yeais of age 

Summary 

A gioiip of 407 oiphaiiage entrants belonging to family gioups have 
been studied with lefercnce to home background and the develop¬ 
ment of intelligence in iclation to the type of homes lepicsented 
The findings are as follows 

1 These children came from unifoimly poor backgrounds, as 
indicated by low economic status, limited education of parents, and 
conflict with the law 

2 The level of intelligence of the childicn, one to 14 years of 
age, IS shown bv a mean IQ of 88 5 

3. Cliildren under eight years of age aic of a highei mental level 
than those older 

4. The of the older childlen decieasc with age to a gieater 
extent than is found for unselected children, suggesting the retarding 
effect of poor homes on mental development 

5. Poi siblings of all ages a difteicnce of thice yeais* stay in the 
home conesponds to a significant difference between the IQ's of 
pairs sepaiated by that diffeiencc 

6 As the length of the stay in the home incieases, the mean 
IQ's of groups likewise decrease in a significant dcgiee 
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THE FREE WORD ASSOCIATION OF ELEMENTARY 
SCHOOL CHILDREN*! 

North Carolina State College 

William McGlhee 


I Reaction Times 

The present investigation has developed out of a scaich for an ade¬ 
quate woid list to be used in examining elementary school children bv 
the free word association method An examination of the literature 
concerning the free word association method revealed that no ade¬ 
quate investigation has been repoitcd which deals witli the icaction 
tunes of children to any stimulus list The studies of Woodrow and 
Lowell (13), the Rusanoffs (8), and Wheat (11) omitted nuv 
compiehensive investigation of reaction times The early study of 
Rusk (9) presents data from onl)'^ 22 children ranging iii age from 
seven and a half to fourteen and a half years The psychological 
clinician, theiefore, who uses the fice association technique in ex¬ 
amining children has no basis of fact to which to pin his conclusions 
regarding the reaction times of childicn* 

Tlie purpose of this investigation, therefore, is to study the re¬ 
action times of children of elementary school age m oidei to dctcuTiLae 
if cither sex or age diffcicnccs are levcaled by diftet cnees m reaction 
times Secondarily, the picscnt invcstigatoi will piescnt any etiolog¬ 
ical factors of reaction time which aic found in tlie course of investi¬ 
gating the major problem, 

It would not be lemiss, then, to sum up briefly the etiological factors 
which eailier invcstigatois have discovered in connection with leaction 
times of adults as well as children Jung (4) unconditionally attri¬ 
butes long icactioii time to emotional inhibition. Hull and Lugo ft 
(3), Cason (1), White and Powell (12) point to the effective tone 
of the stimulus word as one of the factois in long icactiori tunc Cat- 
tell (2) found that reaction time differed according to the type of re¬ 
sponse made but also that the familiarity of the subject with the 
stimulus word, his previous training and the frequency of usage of 

♦Received m the Editorial Ollice on December 28, 1936 

^The author acknowledges the valuable assistance of Dr Paul L, Jio>nton, 
Gcoige Peabody College, in preparing this study 
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the stimulus wordb were stioiig etiological factors Otis (6) found 
the mam factor m the case of childien's differences in icaction times 
IS mental abilit}'- Miles and Terman (5), in theii summaiy of the 
Hteratuie dealing with sex diffeicnees as levealed by the free associa¬ 
tion tecliniqiie, found that women leacted slower than did men, 
Ruslc (9) leports a decica^e in length of leaction times with an in¬ 
crease m tlie chronological ages Wells (10) peihaps presents the 
best point of view m his summaiy of the etiological factors involved 
in differences in leaction time He savs, 

The free agsociation time is exactly wliat the name implies, a 
measure of association fieedom It involves a freedom of pic- 
sentation, of selection, of expression Wc obtain uniformly 
short association times in those individuals m whom all these 
processes arc comparatively free Where longer times are found, 
obstruction of some sort is indicated We have traced some of 
the characteristics of this obstruction, of its range of variability, 

This is fls far as the unsupported association time will 
carry one It remains then to become acquainted with the nature 
of the obstruction, Where it is found, it must not be incontinently 
set down to emotional factors, but the roles of suppression, 
indecision, and the like must be carefully compared and weighed 
bv the best available means Then only do differences in asso¬ 
ciation tunc assume their complete significance for the test, 
which. IS the most searching of all psychological experiments, and 
gives more coercively than all others, a paradigma of the sub¬ 
jects* mental habit 23), 

The word list used m this investigation consists of 55 stimulus 
words selected by the members of an advanced class in child psychol¬ 
ogy at George Peabody College as words which not only are familiar 
to children and common to their expeuence, but which, still further, 
arc sufficiently personal to avoid the tiansitory, almose hit-or-miss 
types of leactions which are so dominant in the responses of many 
children to ceitain previously used word lists. The word list is as 


follows: 

1 

money 

10. 

dog 

19, 

girl 

2 

afraid 

11 

prayer 

20, 

daik 

3 

cold 

12 

boy 

Zl 

papa 

4 

mad 

13 

doll 

22 

friend 

5. 

dance 

14 

cheat 

23 

fun 

6 

angel 

15, 

ghost 

24 

fuss 

7 

doctor 

16 

prison 

25 

sick 

S 

police 

17 

dream 

Z6. 

run 

9 

bed 

18 

flag 

27, 

frog 
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28 

milk 

37, 

coward 

46 


29 

Rame 

38 

inoihcr 

47 

happy 

30 

teacher 

39, 

tunnel 

48 

niainiua 

31 

sing 

40. 

slap 

49 

schnoi 

32 

young 

41 

pretty 

SO 

laugh 

33 

love 

t2 

help 

51 

'Stealing 

34 

star 

43, 

park 

52 

w Her 

35 

whip 

44, 

luingrA 

53 

home 

36 

circus 

1-5 

Sunday 

54 

bonk 





55 

baiw 


The woids weie picseiited oiallv to the subjcLt and records of 
both his response and reaction time were made hv the examiner* As 
ncai as possible test conditions wcie kept the same hn each subject 

The reaction times foi failiiics to icsponcl wcic not lecoidcd Imt the 
omission of these times will not aficet mateiiallv the i cl lability of 
any conclusions in view of the fact that failures occuired only 604 
times in 22,000 responses 

Tile reaction times were measured with <i stop watch graded 
to fifths of a second The watch was started when the stimulus word 
was pronounced by the examinci and stopped when the subject made 
Ills initial response The subjects were instructed to icpU with only 
one word and to reply as quickly as possible The following instruc¬ 
tions weie read to him* 

I am going to say some Avords to you, one at a tune Wlicn 
I say a Avord I Avant jon to answer just aa qinckK as you can 
Avith the first Avord that my Avoid nmkes yon think of Just any 
one Avord, and say it as quickly as you think of it For exmiplc, 
if I said the word "candy” you might say "good” or "cat" 
or "buy” Any one of these words would be right, because I 
only want to know what you think AnsAvet with just one 
word, and say it as quickly as you think of it What would 
you say If I said "grass"? 

The subjects foi this evpeiiment w^eic 400 childicn of ages 7-10 
residing in Nashville, Tenncsce, and its immediate Aiciiiitv and in 
Pans, Tennessee For the sake of making* compai isons more re¬ 
liable and consistent, 50 children m each sex-age level weie tested, 
These children were all eithei in public or piivatc schools or in pub¬ 
lic or private institutions foi the care of orphan chiUlicn 

Table 1 shows the median age of the various sex-age groups. 

It will be noticed that in none of the gioups does the median age 
exceed the midyear point and in only one gioiip, the nine year girls, 
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TABLE 1 

Median Age in Srx-Acn Groups 



7 vrs. 

Boys Girls 

8 

Bov s 

yrs 

Girls 

9 

Boys 

yrs 

Gii Is 

10 

Boys 

yrs 

Girls 

Md 

7 34 

746 

8 46 

8 40 

9 37 

9 50 

10 26 

10 33 

Qa 

7 61 

770 

8 71 

8 73 

971 

9 73 

10 63 

10 62 

Qx 

721 

7 09 

8 17 

8 09 

9 09 

921 

1001 

10.08 

Q 

.20 

305 

.27 

32 

31 

2(5 

31 

,27 


035 

051 

047 

057 

055 

046 

055 

048 

N 

50 

50 

50 

50 

SO 

50 

50 

50 


does It reacli it. Likewise^ Qg at no place exceeds the thiee quarter 
of the year mark and Qi in each group is below the one quaiter of a 
year mark. The two gicatest median age difteienccs occui m years 
seven and mne The fust of these is 12 of a year, and is only about 
1 87 times Its probable enoi The second is 13 of a year and only 
about 1 81 times its piobable error Cloarlv then the two sex gioups 
me so similar chronologically that anv comparisons drawn from the 
standpoint of age should be significant 

Wheat (11, 15) shows in his study of children responses that the 
chronological age, the giade, and the modal-agc-within^the-grade 
paiall-eled each other closely and suggests that “when a more extended 
study of association responses in children is made for the puipose of 
establjshing fiequcncy tables for vaiious developmental levels, it will 
make httle difference whethei the tables aie set upon the age, the 
grade, or the modal-age-withm-the-giade basis” Table 2 shows the 


TABLE 2 

Acc-Grade DiSTflmuTiON or Cases 


Grade 

7 

B 

yrs 

G 

8 

B 

yrs 

G 

9 

B 

yrs 

G 

10 

B 

yr^ 

G 

B 

All Ages 

G B&G 

6 








8 

2 

8 

10 

5 




1 

8 

9 

19 

IS 

27 

28 

55 

4 

1 

1 

12 

15 

25 

24 

15 

15 

53 

55 

108 

3 

2 

14 

16 

22 

8 

7 

3 

2 

34 

45 

79 

2 

32 

28 

16 

9 

7 

9 

4 

4 

59 

50 

109 

1 

15 

7 

6 

3 

2 

1 

2 

3 

25 

14 

39 

Total 

SO 

50 

50 

50 

50 

50 

50 

50 

200 

200 

400 


distribution of cases by grades, and in the mam, tends to substantiate 
Wheat^s point 

The children who made up this group of subjects foi this expen- 
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ment came fiom as widely clifFerciifc eiivixonment as could be found in 
a given section of tlic country Thirty-eight per cent came from state 
or private institutions foi oiphaii childicn, 17 per cent from a private 
school in a laige city, 5 per cent from the public schools of Nashville, 
Tennessee, and 40 per cent fiom ruial or semi-urban schools 
The tabulated data of the reaction times leve^il the vast range of 
differences in leaction time exhibited by individuals in each agc-sc\ 
group. Tlicse differences occiiired not only for the reaction times for 
different woids bv different individuals but also for the icaction of the 
same individual for diffcicnt woids in the test One nine ycai old 
girl had a range fiotii two seconds on ten woids to 244 seconds on the 
wold ^‘young*',, a seven ycai old giil had a langc fiom thicc seconds 
on 18 words to 241 seconds on the word “doctor"; an eight vear old 
boy had a range from 2 5 seconds on Id words to 172 seconds on the 
word “teacher " These, of course,, aie extreme cases but many indi¬ 
viduals had ranges of fioin 15 to 30 seconds between their lowest and 
highest reaction times The median reaction times foi each stimulus 
word show a range in the eight ycai giils* group fiom 1 38 seconds 
to the stimulus word teacher to four sccoiuls foi the word fa non, 
and in the boys^ seven year group,, a range fiom 93 seconds to the 
wold rntlk to three seconds for the word flap 
The data which show these diffeicnccs are so vast and bulky that 
It is not feasablc to picsent them iii the body of this study These 
differences, therefore, Imvc been studied from the point of central 
tendencies of time reaction to each stimulus woid, The medians of 
the reaction tinncs foi each stimulus woid at each age-se\ level will be 
found in Tabic 3 

TABLE 3 

Median Rlaction Times to Stimulus Words in Terms oi Seconds 

7 years 3 years 9 years 10 years AH A^es 

B G D G B O n G B (i 


1 

money 

Md 

151 

2 25 

1.86 

1.S6 

1 80 

2 57 

2 00 

2 00 

1 83 

213 



25 

29 

.30 

30 

33 

20 

18 

IS 

117 

120 


N 

49 

49 

50 

49 

19 

49 

50 

48 

198 

195 

2 

afraid 

Md 

2 20 

2 60 

2 94 

1 95 

2 59 

2 58 

179 

2 58 

2 40 

2 58 


^^ind 

33 

37 

38 

37 

38 

37 

24 

26 

170 

172 


N 

46 

46 

47 

48 

45 

47 

49 

47 

187 

ISS 
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TABLE 3 (Lontinued) 




7 years 

8 ycais 

9 years 

10 years 

All 

Ages 



B 

G 

B 

G 

B 

G 

B 

G 

B 

G 

3 

told 












Mcl 

1 67 

1 96 

1.85 

1.86 

1 81 

2 66 

1 82 

2.25 

1 82 

211 



33 

31 

27 

29 

24 

,21 

23 

12 

138 

,125 


N 

49 

47 

50 

50 

50 

47 

50 

47 

199 

191 

4. 

msid 












Ui\ 

1 69 

2 68 

2 60 

2 56 

2 50 

2 92 

2 50 

2 88 

2 50 

2 78 



J3 

37 

,59 

47 

36 

28 

25 

36 

166 

196 


N 

46 

47 

48 

47 

48 

48 

50 

49 

192 

191 

5 

dance 

Md 

2.59 

3 13 

1 94 

2 80 

2 54 

4,56 

2 95 

3 00 

2 57 

3 07 



33 

26 

42 

56 

,61 

38 

.21 

28 

192 

,182 


N 

45 

15 

45 

46 

47 

44 

48 

46 

185 

181 

6 

angel 

M(l 

1 88 

2.25 

1.77 

2 60 

2 50 

2 96 

275 

2 50 

2 19 

2 55 


PEma 

24 

32 

22 

35 

23 

22 

30 

29 

108 

149 


N 

47 

48 

48 

48 

48 

47 

49 

46 

192 

189 

7 

doctor 

Md 

1 65 

2 38 

1 89 

1 96 

1 90 

2 68 

3 00 

2 50 

1 90 

2 46 


PE™, 

,32 

27 

32 

30 

28 

26 

27 

20 

,151 

139 


N 

47 

50 

48 

49 

38 

48 

50 

48 

193 

195 

8^ 

police 

Md 

1 64 

2 75 

1 60 

2 25 

1 64 

2 61 

1,73 

2 84 

1 64 

2 43 



30 

31 

18 

41 

28 

26 

18 

.25 

10+ 

149 


N 

49 

47 

50 

46 

49 

48 

50 

49 

198 

188 

9 

bed 












Md 

1 63 

1 88 

1,81 

1 65 

1 56 

2 00 

1 67 

2 00 

1 62 

1,96 


Pl^mct 

26 

19 

,28 

.22 

20 

15 

16 

18 

IIZ 

106 


N 

50 

50 

SO 

50 

SO 

50 

50 

49 

200 

199 

10, 

dog 












Md 

1 63 

1 53 

1 81 

2,13 

1 56 

196 

1 67 

1 82 

1 65 

1 89 



27 

36 

28 

24 

.27 

19 

16 

16 

131 

,113 


N 

48 

48 

49 

49 

SO 

49 

50 

49 

197 

195 

11 

pi ayei 

Md 

1 94 

2 90 

2 50 

2 50 

2 54 

3 88 

2 55 

2 88 

2 52 

2 89 



34 

27 

40 

36 

26 

.32 

,34 

36 

153 

.173 


N 

49 

49 

48 

48 

49 

49 

48 

48 

194 

194 

12. 

boy 












Md 

1 88 

1 58 

2 58 

1 60 

1 67 

2 25 

1 94 

1 41 

1 91 

1 77 



35 

29 

46 

.38 

27 

28 

29 

18 

,128 

14 


N 

47 

48 

49 

48 

48 

49 

48 

49 

192 

194 

13 

doll 












Md 

1 81 

2 64 

2 00 

2 00 

2,25 

2 94 

2 00 

2 67 

2 00 

2 66 


PEmd 

.39 

36 

39 

37 

23 

16 

20 

25 

138 

151 


N 

49 

49 

50 

50 

50 

50 

50 

50 

199 

199 

14 

cKeat 

Md 

194 

3 75 

2 64 

4 53 

2 92 

3 96 

3 71 

3 00 

2 78 

3 36 


PEmfl 

42 

36 

32 

48 

35 

21 

35 

20 

189 

143 


N 

47 

44 

44 

47 

48 

49 

50 

46 

189 

186 
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TABLE 3 (continued) 


7 years S years 9 years 10 years All Arcs 

BGBGBGHGBG 


15 

ghost 

Md 

1 90 

2 33 

2 3S 

2*69 

2,30 

2 90 

2 55 

2 85 

2 34 

2 62 



29 

28 

35 

41 

27 

24 

28 

24 

UO 

145 


N 

50 

48 

49 

48 

50 

49 

50 

49 

199 

194 

16 

prison 

Md 

1 90 

+ 00 

2 38 

2 92 

2 30 

2 98 

2 55 

2 86 

2 34 

2 93 


PE^ci 

31 

52 

.36 

49 

29 

24 

18 

25 

144 

166 


N 

44 

42 

V7 

49 

47 

47 

49 

48 

187 

186 

17 

dream 

Md 

1.75 

3 70 

2 72 

3.49 

2 75 

3 13 

1 93 

2 96 

233 

3 31 



33 

45 

39 

55 

39 

28 

22 

36 

.182 

,181 


N 

48 

48 

47 

49 

48 

45 

49 

48 

192 

190 

18 

flag 

Md 

3 00 

2 86 

2 92 

2 86 

2 92 

3 50 

2 86 

2 92 

2,92 

2,89 


P^rpa 

41 

39 

52 

40 

38 

24 

29 

20 

,193 

158 


N 

47 

46 

48 

48 

50 

50 

49 

48 

194 

192 

19 

girl 

Md 

1 84 

2 58 

1 92 

1 85 

2 83 

2 08 

2 59 

2 70 

226 

2 33 



31 

38 

32 

26 

36 

08 

24 

20 

162 

139 


N 

46 

47 

SO 

so 

SO 

49 

50 

49 

196 

195 

20 

dark 

Md 

1 60 

2 75 

1 8S 

256 

1 86 

3 41 

1 69 

2 08 

178 

2 66 



23 

18 

31 

29 

20 

21 

18 

16 

,125 

091 


N 

50 

50 

49 

50 

49 

50 

50 

50 

198 

200 

21 

papn 

Md 

1 88 

2 25 

1.91 

1 91 

1 68 

2 25 

1 66 

1 92 

1,73 

2 09 



47 

28 

40 

28 

30 

20 

18 

.10 

176 

092 


N 

48 

47 

49 

49 

49 

48 

49 

49 

195 

193 

22 

friend 

Md 

1 67 

2 80 

3 13 

3 00 

2 69 

3 25 

2 96 

3 75 

293 

3 13 



39 

29 

47 

48 

50 

38 

28 

22 

207 

,163 


N 

48 

45 

47 

48 

50 

48 

SO 

50 

195 

191 

23 

fun 

Md 

1 98 

2 78 

1 85 

1 97 

2 50 

2 60 

2 00 

2 77 

1,96 

2 69 


Pl^mcl 

29 

22 

22 

37 

35 

15 

32 

28 

.135 

,135 


N 

50 

1-7 

48 

49 

50 

48 

50 

49 

198 

193 

24 

fuss 

Md 

1 71 

2 67 

2,50 

2 25 

1 73 

258 

2 50 

2 53 

2 12 

2 56 


PE„o 

N 

32 

30 

39 

27 

21 

16 

31 

18 

.135 

101 


49 

47 

48 

49 

49 

SO 

50 

49 

196 

195 

25 

Sick 

Md 

175 

1 97 

1 90 

2 42 

2 19 

2 90 

1 93 

275 

1 92 

2 59 


P^md 

N 

30 

27 

28 

36 

31 

31 

26 

28 

148 

141 


49 

47 

48 

49 

49 

48 

49 

50 

195 

194 
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TABLE 3 (continued) 




7 years 

B G 

8 years 

B G 

9 years 

B G 

10 years 

B G 

Alt Ages 

B G 

2(5 

run 

Md 

1 68 

1 91 

178 

2 61 

2 00 

261 

2 25 

261 

1 89 

2 26 



32 

42 

29 

37 

37 

18 

20 

17 

1+7 

128 


N 

49 

48 

50 

49 

48 

49 

50 

50 

197 

196 

27 

frog 

Md 

1 58 

2 53 

1 95 

1 38 

1 75 

2 62 

2 06 

206 

1 85 

2 57 



21 

27 

31 

47 

19 

16 

13 

23 

109 

123 


N 

49 

45 

SO 

47 

48 

48 

49 

48 

196 

188 

28 

game 

Md 

1 7S 

2 57 

1 89 

177 

1 82 

3.61 

1 91 

2 55 

1 86 

2 56 


^^nul 

30 

21 

38 

37 

30 

.31 

15 

07 

.147 

as 


N 

48 

47 

46 

45 

48 

46 

SO 

49 

192 

187 

29 

milk 

Md 

93 

1 83 

1 83 

1 60 

1.51 

1 97 

1 68 

1 89 

1 60 

1 85 



14 

24 

22 

20 

19 

.11 

20 

13 

105 

.075 


N 

50 

50 

50 

SO 

49 

50 

50 

50 

199 

200 

30 

teacher 

Md 

1 71 

1 38 

1 67 

1 85 

1 77 

2 75 

1 98 

229 

1 74 

2 07 



22 

24 

28 

25 

19 

.21 

20 

17 

122 

109 


N 

48 

50 

48 

50 

50 

50 

49 

50 

195 

200 

31 

sing 

Md 

1 79 

2.82 

1 98 

2 25 

2 38 

2 79 

253 

268 

2 18 

2 74 



30 

.38 

30 

32 

27 

30 

.33 

24 

142 

138 


N 

+8 

47 

49 

49 

49 

48 

49 

49 

195 

193 

32 

young 

Md 

1 67 

1 95 

1 91 

196 

196 

2 97 

163 

213 

179 

2,05 



.32 

29 

.29 

31 

.25 

26 

20 

20 

139 

125 


N 

47 

46 

49 

49 

50 

49 

49 

47 

195 

191 

33 

love 

Md 

1 71 

2.60 

2 56 

2 85 

2 00 

3 68 

2 88 

2 75 

2 28 

2 80 



.29 

36 

32 

.38 

37 

22 

39 

20 

.171 

153 


N 

47 

48 

48 

49 

48 

50 

48 

+9 

191 

196 

34 

star 

Md 

1 71 

2 38 

1 78 

1 89 

195 

1 68 

2 13 

2 54 

1.87 

2 13 



22 

19 

22 

,22 

20 

19 

24 

14 

106 

181 


N 

50 

50 

49 

49 

50 

49 

SO 

50 

199 

198 

35 

whip 

Md 

161 

2 71 

2.00 

1 94 

2 52 

2.71 

2 13 

282 

2.07 

271 


PP^n,a 

21 

45 

30 

39 

26 

18 

10 

19 

118 

143 


N 

49 

46 

48 

50 

47 

50 

47 

48 

191 

194 

36 

circus 

Md 

L 70 

2 61 

2 61 

2.00 

1 59 

2 53 

1 91 

2 94 

l.Sl 

2.57 


Pl^md 

.20 

26 

23 

.27 

23 

,24 

.12 

32 

110 

131 


N 

SO 

46 

49 

50 

49 

49 

50 

48 

198 

193 
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TABLE 3 (continued) 




7 years 

B G 

8 years 

B G 

9 years 

B G 

10 years 

B G 

All Ages 

B G 

37 

coward 

Md 

1 88 

3 70 

2 67 

2 83 

2 25 

3 61 

167 

3 56 

2 II 

3.59 



21 

41 

28 

47 

21 

41 

26 

.20 

136 

190 


N 

46 

44 

46 

46 

49 

47 

50 

44 

191 

181 

38 

motlier 

Md 

1 94 

1 83 

1 97 

1 83 

1 96 

2 59 

1 80 

2.13 

1 95 

1 98 



32 

32 

31 

19 

25 

24 

40 

18 

137 

091 


N 

49 

49 

49 

50 

49 

50 

49 

SO 

196 

199 

39 

tunnel 

Md 

175 

2 58 

205 

2 67 

2 75 

3 00 

2 50 

2 63 

2 28 

2 65 



30 

39 

33 

41 

30 

35 

19 

20 

.151 

164 


N 

48 

40 

47 

48 

49 

46 

50 

48 

194 

182 

40 

slap 

Md 

1 63 

2 67 

L88 

2 53 

2 SO 

2 60 

2 57 

2 83 

2 19 

2 64 



.23 

32 

22 

39 

30 

21 

,28 

17 

133 

138 


N 

47 

48 

49 

49 

50 

48 

49 

49 

195 

194 


pretty 

Md 

1 56 

2.63 

2 3S 

1 83 

1 96 

2 SO 

2 53 

2 55 

2 17 

2 53 


^tiul 

33 

40 

37 

30 

37 

21 

28 

.23 

167 

138 


N 

47 

45 

49 

48 

49 

48 

49 

50 

194 

191 

42 

help 

Md 

171 

2 75 

271 

2 89 

3 54 

3.55 

2 96 

3 69 

2 84 

3 22 


^^TIUI 

33 

45 

32 

38 

44 

32 

.22 

29 

150 

163 


N 

47 

45 

48 

48 

47 

49 

47 

47 

189 

189 

43 

park 

Md 

1 65 

2 00 

1 84 

2 56 

1 96 

2 69 

1 89 

2 68 

1 87 

2 62 



23 

26 

25 

37 

28 

25 

16 

19 

122 

127 


N 

48 

46 

47 

48 

50 

49 

50 

48 

195 

191 

44 

hungry 

Md 

1 63 

2 55 

1 89 

2 33 

1 88 

3 65 

1 89 

2 89 

1 88 

2 72 



23 

25 

30 

31 

21 

22 

18 

18 

129 

113 


N 

48 

50 

49 

48 

49 

50 

50 

49 

196 

197 

45 

Sunday 

Md 

3 60 

2 56 

1 84 

1 90 

2 00 

2 54 

1 82 

253 

1 83 

2 53 



22 

36 

33 

38 

22 

17 

20 

.14 

107 

108 


N 

48 

48 

49 

50 

50 

50 

50 

50 

197 

198 

46 

go 

Md 

2 58 

2 86 

2 55 

2 75 

2 53 

2 99 

1.87 

3 13 

2 54 

2 93 



32 

42 

39 

38 

30 

22 

19 

22 

.53 

.146 


N 

49 

48 

19 

48 

49 

49 

49 

47 

196 

192 

47 

happy 

Md 

2 10 

2 75 

2 25 

2 89 

2 33 

2 89 

1 78 

2 86 

2 18 

2 87 



37 

26 

24 

44 

31 

19 

35 

17 

152 

! 112 


N 

48 

47 

47 

49 

50 

50 

49 

49 

194 

195 
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TABLE 3 (continued) 




7 year-j 

B G 

8 years 

B G 

9 years 

B G 

10 

B 

years 

G 

All 

B 

Ages 

G 

4S 

imminn 

Md 

95 

2 00 

2 63 

1 83 

1 78 

258 

1 8S 

2 25 

1 33 

2 13 



30 

38 

39 

22 

30 

20 

27 

14 

147 

103 


N 

47 

48 

49 

48 

49 

49 

49 

49 

194 

194 

49 

school 

Md 

197 

19+ 

1 88 

2 08 

1 91 

2 67 

1,83 

2 00 

1 90 

2 04 



25 

27 

22 

30 

18 

21 

18 

11 

100 

114 


N 

+9 

50 

48 

49 

50 

50 

50 

50 

197 

199 

50 laugh 

Md 

1 80 

2 78 

2 33 

1 85 

1 98 

283 

2 33 

2 73 

2 16 

276 



33 

37 

30 

21 

31 

21 

.35 

,16 

156 

126 


N 

48 

49 

48 

48 

49 

50 

50 

50 

195 

197 

51 

stealing 

Md 

171 

2 70 

2 17 

256 

1 94 

3 00 

1 97 

3 00 

1 96 

2 85 



31 

26 

,31 

46 

28 

52 

26 

24 

143 

157 


N 

+8 

38 

49 

47 

46 

44 

45 

42 

188 

171 

52. 

water 

Md 

1 65 

1 87 

1 79 

1 70 

1 83 

1 92 

1,64 

2 42 

172 

1 90 



21 

25 

22 

18 

20 

12 

23 

26 

103 

090 


N 

SO 

49 

49 

49 

50 

50 

50 

49 

199 

197 

53 

lioiue 

Md 

164 

271 

1 83 

1 94 

1 36 

2 59 

1 96 

2 67 

1 85 

2 63 



.23 

30 

29 

30 

25 

16 

19 

16 

12S 

096 


N 

49 

46 

49 

48 

50 

48 

50 

so 

198 

192 

54 

book 

Md 

1.58 

1 83 

1 78 

179 

172 

1.96 

1 32 

2 57 

175 

1 90 



.20 

,17 

21 

26 

19 

.12 

15 

106 

.097 

076 


N 

50 

49 

49 

49 

49 

49 

50 

50 

198 

197 

55 

baby 

Md 

1.55 

1 92 

1 85 

1.82 

1 84 

2,65 

1 97 

2.73 

1 85 

2 29 



,34 

20 

22 

22 

28 

,23 

27 

17 

145 

071 


N 

47 

48 

49 

48 

47 

49 

49 

50 

192 

192 


The existence of maiked differences in reaction between indi- 
viduals at the same sex and age level aie interesting but tins dis- 
coveiy merely gives a point of depaiture foi furthcx investigation 
It is pertinent, theiefoie, to the present investigation to discover any 
differences in reaction times which may exist between tlie age-sex 
groups and to investigate the extent of these diffeienccs* In othci 
wordsj the present investigator is inteicsted in discoveiing if the 
reaction time of boys is shelter than that of giils and if the leaction 
time at one age level is longer or shortei than at anotlier age level 
In order to investigate these differences the median icaction time 
for each age-sex group has been calculated by securing the median 
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of tlic medifin leaction timeb to each of the stimulus woids appearing 
in the test used in this investigation. The results of these calcula¬ 
tions are found In Table 4 


TABLE 4 

Mcdian or Timt RESPONsrs to All Stimulus Words in Sfconds 


Age 

Sex 

n 

7 

G 

B 

S 

G 

B 

9 

G 

10 

B G 

All Ages 

B 0 

Md 

1,72 

256 

1 9+ 

2 13 

1 97 

2 59 

1 96 

2 65 

1 94 

2 59 

Qa 

1 85 

2 74 

2.51 

261 

2+6 

2.S8 

2 52 

2 86 

2 34 

2 79 


1 C+ 

106 

18+ 

1,86 

181 

2 5+ 

1 83 

2+3 

1 82 

219 

Q 

lOS 

39 

♦34 

38 

♦33 

♦ 17 

35 

22 

,26 

.30 


016 

065 

087 

.06+ 

085 

028 

089 

037 

OG 

051 

N 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 


The fiist significant fact which this tabic reveals is that in each 
age level the median time reaction of girls is grcalci than that of 
the boys and the lowest mcdi«an time of the girls, 2 H at the eight 
year old level, is greater than the highest median time of the boys, 
1.97 nt the nine year old level, At each level the diftcrence is statis¬ 
tically reliable as the computation of the probable error of the difter- 
ence shows The piobable ciior of the difference between boys and 
gills at the seven year level is .021, between boys and girls at the 
eight year level, 029, between boys at the nine year level and girls 
at? the eight year level, 027, bovs and girls at the ten year level, 026 

It is evident then that a significantly longci reaction time foi girls 
than hoys is revealed by the free word association test used in this 
expeiiment The present investigatoi is inclined to agiee, from his 
expellence in giving the tests, with Hull and Liigoll that the longer 
reaction time of girls is m part explained by their greater willingness 
to cooperate and gieater desire to make a bcttei record on the test 

No consistent diftcicnce between the median reaction tunes of 
boys and giils viewed chionologicallv is revealed by the picscnt in¬ 
vestigation The only statistically reliable difference in the case of 
boys is found between the seven year boys and the other age groups 
Tliere seems to be, then a slight tendency for boys, eight, nine, and 
ten ycais old, to give a longei leaction time than do bovs seven 
years old. 

The median leaction times of girls viewed cbionologically give 
even a less conclusive pictuie of diftcrence than do the reaction times 
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of boys, It IS noticeable, moreover, that the differences bet'wecn 
eight yeai old g[rls and the otliei chronological levels are the only 
statistically icliable differences found at any age level for girls The 
reaction time for eight year old girls is always less than the reaction 
time of the girls at the other age levels but this decided drop m re¬ 
action time cannot be explained by the data secured in the present 
investigation 

If, however, the girls* leaction time is compared with boys*, omit¬ 
ting the median time reaction at the eight year level, a decided simi¬ 
larity IS revealed, that is, a short reaction time for both boys and 
girls at the seven year old level, a gradual and, for the girls not a 
statistically reliable, incicase in length of reaction time to the nine 
yeai old level, and a slight and statistically unreliable decrease in 
length of reaction time at the ten year old level for both bov^ and 
girls. 

It must be concluded, however, from the data at hand that the 
only definite trend shown in differences m reaction between age 
levels IS the tendency for boys eiglit, nine, and ten years old to give 
longer i eaction times than do boys at the seven year old level. 

In so far as chronological age in a normal distribution of cases 
educationally is indicative of mental age, and Wheat points out that 
whether the chronological age, the grade, oi modaUage-within'the- 
grade is used in examining children*s reactions to a free word asso¬ 
ciation test the results are the same, no evidence such as that suggested 
bv Otis Can be found in this investigation that speed of reaction de¬ 
pends upon the degree of mental development of the child A child 
retarded mentally could do as did seven subjects examined in this 
cxpeiiment, he could answer or a similai word to evciy stimulus 
word moie rapidly than a mentally normal child could react with 
logical responses 

In Older to discover whether children of elementary school age 
give shorter reaction times to preferred responses tlian do responses 
not so classified the following data weie calculated The median 
reaction times have been taken for cvciy tenth stimulus word as the 
words appear in the test used m this expenment These words arc: 
10 dog; 20 dark; 30 teachei, 40 slap, SO laugh The median 
reaction time for each of these words has been compared with median 
reaction time for responses to these woids which have occurred 20 
per cent or mote times^ In addition, the median of the preferred 
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lesponscs have been complied with median leaction time for each 
age^sex group It must be added, howevei. that although it is feit 
that sampling of stimulus woids is adetjuate, the conclusions drawn 
from these data cannot be considered final and must be regarded as 
merely indicative of certain definite trends Table 5 gives the median 
reaction times of the selected stimulus woids, the median reaction 

TABLE 5 

Medians—PRE rERRBD Kesponses to Every Tenth Stimuius Word, Aii Re- 
spoNsrs TO Every Tenth Stimulus Word, and Ait Rfsponses 
IN Each Age-Sex Lfvfi 
Medians in Terms of Seconds 


7 8 9 10 



13 

G 

B 

G 

B 

G 

B 

G 

Median of All 
Responses—Age- 

1 72 

2 56 

1 94 

2 13 

197 

2 69 

1 96 

2 6S 

Sex Levels 

10 dog 

Md All Resp. 

1 63 

I S3 

1 31 

2.13 

1 56 

1 95 

1 67 

1 82 

Md Pref Resp 

I 58 

1 50 

1 67 

1 67 

46 

1 64 

86 

90 

Q 

143 

1 11 

1 22 

1 10 

74 

1 64 

86 

90 


54 

27 

4S 

37 

26 

73 

15 

45 

N 

11 

26 

10 

14 

14 

14 

21 

23 

20 dnrk 

Md All Resp 

160 

2 75 

1 38 

2 56 

1 86 

3 41 

1 69 

2 03 

Md Picf Resp 

175 

1 00 

1 50 

2 00 

LSS 

2 SO 

1 so 

175 

Q 

127 

82 

1 21 

1 20 

,74 

1 00 

68 

60 


41 

24 

34 

33 

22 

31 

.19 

16 

N 

15 

IS 

20 

16 

17 

16 

20 

17 

30 teacher 

Md All Resp 

171 

1 38 

t 67 

1 85 

177 

2 75 

1 93 

2 29 

Md Pref Ke'?p 

50 

1 75 

1 00 

2 00 

K 

2 55 

2 50 

1 78 

Q 

1 91 

67 

65 

1 SO 

50 

36 

1 34 

22 


25 

22 

19 

54 

,17 

13 

.53 

06 

N 

33 

14 

18 

12 

13 

11 

10 

14 

40 slap 

Md All Resp 

1 63 

2.67 

1 88 

2 53 

2 50 

2 60 

2 57 

2 33 

Md Pref Resp 

45 

2 70 

11 

125 

2 67 

2 25 

2 92 

2 65 

Q 

.182 

95 

1 27 

1 68 

1 63 

1 00 

1 S3 

.91 


73 

34 

50 

63 

59 

,38 

51 

29 

N 

11 

12 

10 

11 

12 

11 

H 

15 

50 laugh 

Md All Resp 

1 80 

2 78 

2 33 

1 85 

1 98 

2 83 

2 33 

2 73 

Md Pref Resp 

37 

1 67 

40 

1 25 

15 

3 00 

2 25 

2 00 

Q 

2S 

1 06 

10 

3 06 

.14 

65 

1 91 

1 01 


to 

3S 

36 

1 15 

52 

26 

65 

37 

N 

12 

12 

12 

11 

11 

10 

14 

12 
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times of the piefeticd responses to these woids, and the median re¬ 
action times of all responses in each age-sex group 

An examination of Table 5 leveals that the tendenc}^ to give shoitei 
reaction times when the response is a picfened response is not con¬ 
sistent foi all the stimidus woids examined at each age-sex level 
The stimulus word doa shows at all age-sex levels a slioitei reaction 
time when the response is a picfened response The stimulus word 
ilmk shows> only one age-sex level with the prefeiied responses having 
a laiger reaction time than the responses not classified as preferred 
The other stimulus words of this group show varying tendencies 
at the ciiffeient age-sex levels, 

The tendency foi hovs as a whole to give shoitei leaction times 
when lesportding with a piefeiicd response is not as maiked as is 
the tendency for gills Giils, considered regaidicss of age diftciences, 
show a consistent tendency to give shoitei time icactions foi pic- 
feired response than foi responses \idiich do not belong to the pre¬ 
fen ed catcgoiy. If, howevci, both sexes are taken together regaid- 
less of age theie is a tendency to give shortet leaction tunc when 
icsponding with prcfcricd responses than when icsponding with re¬ 
actions not so classified 


Conclusions 

The data secured in the piesent investigation of tlie reaction limes 
of elementaly school childicn by the ficc word association method 
point to the following conclusions* 

(1) Tlunt diffeiences in reaction times of the subjects of this 
experiment aie gieatei and more variable than difteience in median 
reaction times of any age oi sex gioups. 

(2) That boys show a consistently slioiter median icaction time 
than do girls, 

(3) . That age level difterence in reaction time show no con¬ 
sistent tendencies It is noted, however, that (^?) the reaction times 
of boys tend to increase in a statistically reliable difference from the 
seventh to the eighth year and remain compaiatively constant thiough 
the eight, nine, and ten yeai levels, and further, that {h) girls show 
no statistically reliable difference in icaction time except at the eight 
year old level which is shorter than at other levels 

(4) Thnt children of elementary school age tend to give shorter 
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time reactions when their verbal reactions arc of the "preferred" 
response variety 

(5) That tlie degree of mental development plays onlv^ a sinall 
part m tlie speed of reaction time 

(6) That previous degree of familiarity with the stimulus word 
tends to affect the reaction times of iiidividiinls m this experiment 

(7) That further investigation, which will sccuie introspective 
data from the children who serve as subjects, is necessary before the 
etiological factors and the significance of differences in reaction time 
of children can be deteiinined 
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SHORT ARTICLES AND NOTES 


SOME CHARACTERISTICS OF THE WRITTEN SPEECH OF 
STUTTERERS I • 

Jon EtsEMsoN 

This paper presents the icsults of a preliminary study of the written speech 
of stutterers We are desirous of learning whether the stutterer canies over 
into Ins written speech the characteristics which arc manifest in his spoken 
speech II Mcllzer (1) studied the speech of stuttering chiklrcti on the 
basis of ^-crbal responses to the ink blots of the Rorschach Personality Test 
He concluded that the speech of the stutterer is characterized by verbal 
trial and error, and that the stutterer is more talkative thnn the nortnnl 
speaker (The number of words spoken in a given time period was taken 
ns the measure of talkativeness ) 

In the present study we chose a fundamentally difTercnt type of lest 
sitnntion Because we believe that the way to study the speech of a stuiterer 
13 to examine his verbal utterances in svhat is for him a normal speech situa¬ 
tion, we asked our subjects to write for fifteen minutes on a topic of 
current interest to them The topic chosen was “Amalgamation of Extra 
Curricular Activities at the College “ The topic was of no special sig¬ 
nificance except that it was widely discussed by the students at the college 
The subjects were a group of IS undergraduate male stutterers who at¬ 
tended the college speech clinic, and two control groups of 15 normal 
speakers matched with the stutterers for age and class in college The 
number of words written was taken as the measure of “talkativeness” 
The number of words crossed out was taken as an mdiLatioii of “verbal 
tiial and error” 

Rksui-ts 

The results of the experiment are indicated in Table L Wc see that 

TABLE 1 

Comparison detween Stutterers and Non-Stutterers in Respect ro Numder 
OF Words Written and Number of Words Crosspd Out in 
Composition Writing 



Stutterer 

Non-Stutterer 

Mean iiumbci of wo ids written 

98 

195 6 

tr of mean of no of words written 

8 37 

It 9 

Mean per cent of words crossed out 

+ 7 

17 

a of mean per cents of no of words crossed out 

2 1 

29 


^Received In the Editorial Office on December 11, 1936 
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the mean number of words for the stutterers is half that of the normal 
apeakeiSj 98 compared with 195 6 The difference between the means of the 

two groups as measured by the formula ——-6 7, indicating un- 

a diiierence 

questioned statistical significance The percentage of words crossed out 
by the stutterers is 4 7 c-ompared with 17 foi the normal speakers The 
nurnbei of words involved was too small to establish stritistical significance 

CoNCi uaiONS 

The findings indicate that in written speech stutterers are less talkative 
than normal speakers This is not consistent with Meitner’s findings in re^ 
gard to the spoken speech of the stutterer The differences may be ex¬ 
plained by the probability that the stutterer inhibits responses which he 
does not put on paper Despite this inhibition of response, the stutterer's 
written speech, on the basis of the percentage of words crossed out, was 
more marked by trial and error behavior than that of the normal speaker’s 
The results suggest that the stutterer’s difRciilty in speech may be a mani¬ 
festation of an inability to sustain cohcient thought and to express such 
thoughts verbally. In a free association situation where sustained coherent 
thought IS not called for, as in McUzer’s experiment, this difficulty is 
evidently not present 

Rbferemcb 

1 MELrZER, H Talkativeness in stuttering and non^stuttcring children 
J, Genet Psychol, 1935, 46, 371-390 

hiooklyu College 
BrooklyUt Ne^ York 


PLANTAR RESPONSES IN INFANTS FOLLOWING A STARTLE 
STIMULUS*' 

Frances M Clarke, William A* Hunt, and Edna B Hunt 

An investigation of the startle pattern response in infants following a 
sudden shot stimulus revealed a wealth of plantar responses (2) Since 
plantar response is not found in adults ns part of the startle pattern, and 

^Received in the Editorial Office on October 28, 1936 

'This study was facilitated by a National Research Council grant to one 
of the authors Thanks are due Miss Mildred McGourty for assistance in all 
phases of the work Particular gratitude la due Misa Elizabeth Monger, 
director of the Connecticut State Farm for Women at Niantic, and to Dr. 
Freitag and nil the other members of the staff for their cooperation dining 
the work 
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Since its diverse forms in infnnts give no indication of the regularity anil 
iinifnrmit} typical of the rest of the response, it seems best to treat it 
sep.nratelv This decision is leinforced by the miercfit of the plantar response 
per se, and by tlie further information offered on many of its problems 
by our data The mere fact that most of the previous material has been 
furnished by expciiments utili7ing cutaneous stimulatton maUs tlieir elicita¬ 
tion by an aiiditoiy stimuUis jntciestmg Our data also offer material hear¬ 
ing on the qiiebtions of the appearance of any qualitative regularity in the 
plantar response, the relationship between age and type of plantar response, 
the relationship between plantar response and withdrawal flexion of the 
limb, and the effect of peripheral tone on the response 

PROcrnuRC 

A total of 63 responses m infants ranging from 8 days to cipproxinialcly 
cne year in age, are reported These wcie selected from the original group 
of 97 responses (2) solely on the basis of their availability for careful ob- 
<%eTvation This selection was necessary since some of the oWer infants 
were standing, some had their feet outside the photographic field, some 
were moving at the time, and in some cases the pliotogiaphy was not 
sufRcjcntly sharp to render fine judgments of toe movement possible Wc 
have also discarded from our table the two cases (one 17 months, one IS 
months), avIio showed no plantar responses The children were photo¬ 
graphed lying on their backs The stimulus was delivered by an clcitricallv 
fired 22 caliber revolvei in circuit with a time marker Scoring was done 
by a committee of three judges who viewed the pictures in slow mncion 
The techiiupic is reported at length clsewhcic (2) 

Results 

The majority of oui cases, (63 out of 65) shosved plantar responses to 
the shot stimuli T'he variety and diversity of these are shown ni l\iblc 1 
In ihis table the onginal position of the toes is designated h) the large 
lettcis The response to the subsequent shot is designated )>y small letters 
Extension is designated by the letter /, flexion hy F, uorm.il by iV, ^ dcsignaics 
cases W’hcie the iespouse was uncertain, and 0 designates im respoiiRe- 
Mixed responses are indicated by combinations of small IctUts lu the order 
in which the iespouses appeared, That plantar responses can be elicited l>> 
a sudden loud stimulus and that such elicitation is iisu,al is sliuwn b> our 
results Such plantar responses have not appeared in adults (1), but are 
found in primates (4) As Table 1 shows, these responses include flexion 
and extension and are not limited to any one type The Bnbinski is iiicUidctl 
among those responses elicited This diversity of response agrees with the 
findings of Richards and Irwin (6), and of Pratt, Nelson, and Sun (5), for 
cutaneous siimiilntion No paiticular type of response such ja flexion or 
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extension secma to stand out sufficiently to warrant its being regarded as the 
normal physiological function at any age level within the range of our 
subjects While the infantile Babinski response in both feet is found in 
our youngest case (8 days), both flexion and extension are found from 13 
days on The only diffeience with respect to age level is that the younger 
the infant the more violerit the reaction 
There is no conffrmatioii for the view that extension of the toes is associ¬ 
ated with the withdrawal flexion of the limb This withdrawal flexion of 
the limb is typical of the startle pattern, but it is associated in our results 
with both flexion and extension of the toes 
The suggestion made by Bourguignon (1) and more recently by Jitarroa 
(4), that pcnphcial tone may be a factor in determining whether the plantar 
response is one of flexion or extension is not clearly supported by our data 
Rather than showing that previous extension predisposes to flexion in the 
subsequent plantar response, and that previous flexion predisposes to cx- 
tenaionj our results show the opposite rrevious flexion seems to encourage 
a more complete flexion in the subsequent plantar response in the majority 
of cases For previous extension, the matter is less clear due to the in¬ 
adequate number of cases* We can conclude, however, that the relntion of 
peripheral tone to plantar response is not as simple as has been thought 
heretofore. 


Summary 

A sudden sound stimulus was found to release plantar icsiiouses in a 
group of 63 infants from eight days to one year in age These responses 
are of varied types and shoty little relationship to such factors as age, limb 
withdrawal, and peripheral tone 


REl«EftPNCE3 

1. Bourouignon, G Les conditions peripheriqiies dii reflex plantaire 
normal et du «ugnc dc Babinski Riv Near , 1927, 1, 1081-1085 

2 Hunt, W A, Clarke, F M, 1 Hunt, E B Studies of tlu. startle 

pattern' IV Infants J of Psyifiol, 1936, 2, 339-352 

3 Hunt, W A , Landis, C, & Jacodsbn, C Studies of the staiile pattern 

V Apes and monkeys J of Psyc/to!, 1937, 3, 339-344 

4 JuARROS, C Aportacion al conocimiento dc alEuno't pToblemas planteados 

poi el estudio del signo de Babinski Sifflo , 1930, 83, 689-694 

5 Pratt, K C , Nelson, A K, & Sun, K. IL The behavior of the new¬ 

born infant Columbus Ohio State Univ Press, 1930 

6 Richards, T W , 5c Irwin, O C Studies in infant behavior II Plantar 

responses of infants and young children Univ Iowa Studies, 1934 

Connecticut College 
Nev) London, Coinietticut 




APPARATUS 


THE TYPEWRITER KEY AS A DEVICE FOR REGISTERING CHOICE 

TIMING^ 

Marip L H Fordfs 

Figure 1 shows a line of typewritten marks each representing an interval 
af time, the letter ;v below the line representing a choice registered at the 
fifteenth movement of the spacing mechanism, which is not operated by the 
subject 

0 10 20 30 4^0 50 60 

K 

FIGURE I 

Figure 2 shows a cardboard fi amc for the display of a caption above n 
blank key (1) (2), the frame being held upright behind the lowest row of 
keys by means of a ciosspiece which passes under the keyboard 

The writei gratefully acknowledges the examinittion of the materials by 



I----- 

figure 2 

♦Received in the Editoiial Office on October 15, 1936 
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her former instructor, Dr Walter F Dearborn, Director of the Psyclio-Edii- 
cationul Clinic, Harvard University 
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Kotits, N InfajtJ Apr afid Childj fusiiJtcts, rw/oZ/o/i^j 

Ilfibits [Ditia chimpan/c i ditia tchcloveka, v ikh inatinktakh, eraotinkh, 
igrakii^ pnvytckkakh i vyiazitelnykh dvizhenlakh ] Scientific Memoirs of 
the Museum Dnrwinianiim in Moscow, v III, 1935 Pp xvi+S96 c 145 
plates. 

Out of fiussia comes a sfiiking volume ^ylth an airesting titfe Infant 
Ape and Hiimati Child It appears as a bulky scientific memoir, embellisliccl 
with 145 plates, reproducing 604 individual photographs A summary m 
English and the wealth of photogiaphs and numerous clrawings, made by 
the authoi or under her supervision, render the work useful and highly 
suggestive to those who cannot read the oiiginnl Russian 

Madam Kohts is unquestionably an observer of ingenuity, patience, anil 
scientific restraint In n double sense this is a contribution to comparative 
psychology Her basic observations weie made from 1913 to 1916 on n 
male chimpanzee, Joni, during the age period fiom V /2 to 4 years In 
1925 her son Roody was boin* ghe made behavior rccoids of his develop¬ 
ment from the moment of biith up to the age of 4 years in 1929, The 
respective infrahuman and hutnnn data were theretore separated by n 
period of twelve years Such a separation of time doubtless reduced the 
detail and incisiveness of the comparative data, but it also served to temper 
tlie final conclusions and to obviate serious preconceptions The author 
has at least avoided the temptation of tnagnifying the human aspect of 
chimpanzee and she brings into clear lelief the distinctive characters in the 
superiority of homo sapiens It seems to us that she has succeeded better 
in this task of critical companson of two species than have those studies 
which emphasize somewhat too strongly similarities, identities, and simian 
precocities. 

Madam Kohts has taken fully five years to assemble and to evaluate 
her compaiative findings The text divides into 3 parts I The Behavior 
of the Infant Chimpanzee, II The Behavior of the Human Cliild, HI 
Analysis of Behavior of Man & Ape (pages 454 to 488) Chimpanzee 
cams a special chapter on Deceptive ^ Sly Behavior For Roody there is 
a special chapter on Memoty Gf Hahii Formniff (conditioned-refiex be¬ 
havior), There aic two equivalent chapters on bodily features, face, arms, 
hands, legs, static and dynamic postures The line drawings of posturnl 
and mimetic altitudes in chimpanzee, are unusually well done One wishes 
that here the comparison had been cairied over more systematically to the 
human The author finds that the manifestation of emotions ds expressed 
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in mimics, pantomime and vocn Illation is “incompaiably more piominent 
and accenuMted m the ape*‘ 

In the mattei of aiticnlate sounds, however, no oomparison whatever can 
be drawn All told Joni was capable of emitting when moved by emotion 
25 distinguishable sounds Nearly all of these sounds were also in Roody'a 
repertoire but at the age of one year he was already freely indulging m 
spontaneous word building 

Although Kohts did not, after the manner of Kellogg, attempt to create 
an identical envirotunciit foi the early developnieut of ape and child* she 
obseived hei subjects in similar situations Both ^'children” were easily 
taught to soap their hands, to use a handkeichief, and to wipe their 
inoutlis with a sciviettc The reactions of both to then own mirror image 
wcic observed to be strikingly alike, including spying, smiling, touching, 
grimacing, spitting, menacing gesticulation, and Ubial vocalization 

Numerous and many sided similaiitics were discovered in many holds of 
behavior The only specific trait of the chimpanzee with apparently UO 
analogy whatevei in human behavior was found to be a ‘^modulated giuiit- 
ing oh-oh sound ending in a baik and accompanying general excitement'' 
Madam Kohts is also impressed by the fact that she failed to find m the 
chimpanzee even "a single psychic trait which would not at the same time 
belong to man at this or another stage of doelopment*' But when she 
passes fjom analysis to synthesis and asks, “What aftei all, is the con- 
temporaiy chimpanzee?^’ she answers, "Not only is it impossible ti> sav 
that he is ‘almost human/ we most go even further and ^tate quite defi¬ 
nitely that he is 'by no means human/ "—aiud this on the giound of evidence 
which she sums up as follows 

(1) In the fVInotional biological field the chimpanzee totally 
Ignores the possibility of walking erect and of freeing liis hands 
for carrying weights, (2) In the spheie of imitation the chim¬ 
panzee IS devoid of imitation msofai as human sounds aie 
conccinccl and gcneially fails to extend oi impiove Ins iinita- 
torv behavior, (3) In respect of emotional altruistic and social 
behavior, the chimpanzee fails to understand the advantages 
of friendly sympadictic intercom sl with creatures <5tanding on 
a lowei biological level than himself, (4) With regard to habit- 
farming the chimpanzee docs not impiove m the motor habits 
connected with the uae of tools and household implements, (5) In 
the sphere of playful behavior he docs not indulge in creative 
constructional play 

Yerkes has called attention to the wide gamut of individual diffci eoces 
among chimpanzee, Such diffeienccs must be taken into account before 
generalizing the compangons airived at m the present volimie It must also 
be remembered that the author had no opportunity to observe in her ape 
the interesting penotl of development between birth and the age of 
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years From the standpoint of comparative developmental psychology this 
IS precisely the period which needs parallel study in ape nnd man Such 
a study would be less concerned \Yith a comparison of specific abilitiiii 
than with the deeper biological problem of species diflFertnces in develop¬ 
mental mechanics Fiom the standpoint of life cycle, what are the early 
differences in the ontogenesis of behavior,-^in the patterns of behavior 
growth? This is the fundamental genetic pioblem 
In 1922 Mis. KolUs published a volume on chimpan^jee mteiligence 
(^‘Unteisiichiingcn xibcr die Eikcnntnisfahigkeiten dea Schimpanacn,” Mos¬ 
cow, pp 453) She is engaged in a third expelimcntal research on the 
“ability of the chiinpaiuce to distinguish foiiii, size, quantity, and number 
and his capability towards asceitaining likeness and dissirnilaiiiy, analysis 
and synthesis ” Through this experimental approach she hopes to detei- 
mme whether chimpanzee harboia those luimandikc characters which 
ptoanihropis had to possess m order to become homo sapiens, 

The present volume theiefore lies between two scicntiiic undertakings, In 
a stimulating way it suggests many vistas of investigation The extensive 
collection of photographs, sumptuously reproduced on special paper at the 
end of the book, greatly enhance its value The photographs depict Joni 
and Roody in naturalistic situations, The cxpitssional behaviui of 
chimpanzee has been caught in gicat variety and m detail These par¬ 
ticular pictures ate little short of classic and would have delighted Darwin, 
whose name adorns the museum under whose auspices this pioneer com¬ 
parative study of a pan-child and man-child was cained through 

Arnoid Gesch 

Clinic of Chtld Development 

Yale University 

Mevj Haven, Connechcnl 
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